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decreases  i  ri  body  weights  and  body  weight  gains  were  observed^.f  rom  weeks  1 
through  13  in  the  0.75  and  1.20  mg/L  exposure  groups.  ^A  significant  decrease 
in  food  consumption  was  only  seen  after  four  weeks  of  exposure; 
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pulmonary  bactericidal  activity  to  inhaled  35$-k.  pneumon i ae  at  all  three  exposure 
concentrations  (1.20,  0.75  and  0.30  mg/L)  in  the  first  study  were  completely  absent 
after  the  recovery,  whereas  in  the  second  study  none  of  the  exposures  (0.30,  0.18  and 
0.05  tng/l),  including  the  previously  positive  0.30  mg/L,  produced  an  effect. 

Histological ly  no  exposure- rel ated  changes  were  found  in  tissues  outside  of  the  respira¬ 
tory  "^e  primary  exposure- rel  ated  change  in  the  lung  was  terminal  bronchiolar 

fibrosis."  The  microscopic  examinations  indicate  that  inhalation  of  RP/BR  in  male  rats 
<r°r  -^25  hi/day  for  A  days/week  begins  to  produce  fibrosis  after  two  weeks  in  some  of 
the  rats  exposed  to  0.75  mg/L  and  in  all  of  those  exposed  to  1.2  mg/L.  All  animals 
had  fibrosis  at  both  of  these  concentrations  after  four  weeks.  At  the  end  of  13  weeks, 
in  addition  to  100%  of  the  0.75“  and  1.20  mg/L  -  exposure  groups,  less  than  30%  of 
those  exposed  to  0.30  mg/L  and  less  than  25%  of  those  that  inhaled  0.18  mg/L  were  also 
affected,  whereas  exposure  to  0.05  mg/L  did  not  produce  fibrotic  changes  at  all.  Some 
decrease  in  incidence  in  the  lesions  could  be  generally  detected  after  the  recovery 
periods,  but  the  lesions  did  not  disappear.  Thus,  the  no-measurable  effect  level  and 
the  lowest  effective  dose  determined  by  hi stopathologi cal  evaluation  were  0.05  and 
0.18  mg/L  of  RP/BR  respectively. 

An  i n  vitro  genetic  toxicology  study  _conduc ted  separately  from  the  main  in  vivo  studies 
using  RP/BR  combustion  product  condensate-demonstrated  that  this  mater  i  aTdoes  not 
cause  point  mutations  of  bacteria,  primary  DNA  damage  in  rat  hepatocytes,  or  clftstogenic. 
damage  in  Chinese  Hamster  Ovary  cells  under  the  conditions  tested.  1 
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EXECUTIVE  SUMMARY 


The  effects  of  inhalation  cf  red  phosphorus  butyl  rubber  (RP/BR) 
combustion  products  used  as  an  obscurant  smoke  were  evaluated  in 
two  subchronic  studies  with  the  objective  of  determining  the  no- 
measurable  effect  level  and  the  lowest  effective  dose.  Male 
Sprague  Dawley  rats  were  exposed  for  2.25  hr/day,  on  4  days/week 
for  13  weeks  to  filtered  air  or  RP/BR  aerosols  at  concentrations 
of  1.20,  0.75  and  0.30  mg/L  in  the  first  and  0.30,  0.18  and  0.05 
mg/L  in  the  second  study. 

Biological  endpoints  examined  within  24  hr  of  the  last  exposure 
and  for  selected  treatment  groups  following  an  8-week  recovery 
period  were  mortality,  clinical  signs,  body  weight,  pulmonary 
bactericidal  activity  and  hi stopathology  of  the  lungs  for  both 
studies.  In  the  first  study,  additional  endpoints  were  food 
consumption,  pulmonary  cellular  responses,  neurobehavioral 
activity  and  histopathology  of  all  major  organs. 

Aerosol  mass  concentrations  were  consistently  within  3%  of  the 
target  values.  Particle  size  analysis  showed  mass  median 
aerodynamic  diameters  (MMAD)  of  0.49  to  0.65  y  m  with  erg's  of  1.56 
to  1.83.  Phosphorous  acids  in  the  test  atmosphere  ranged  from  71 
to  80%. 

Statistically  significant  decreases  in  body  weights  and  body 
weight  gains  were  observed  from  weeks  1  through  13  in  the  0.75- 
and  1 . 20-mg/L-exposure  groups.  A  significant  decrease  in  food 
consumption  was  seen  in  these  groups  four  weeks  after  initiation 
of  the  exposures.  In  the  first  study  10.8%  of  the  rats  exposed 
to  1.20  mg/L  of  RP/BR  smoke  died  spontaneously  or  were  necropsied 
in  a  moribund  state.  Rost  of  these  animals  died  during  the  first 
two  weeks  of  the  exposures,  and  had  varying  degrees  of  congestion 
and  Bmall  amounts  of  hemorrhage  in  the  lungs.  No  obvious  cause 
of  death  was  apparent  from  the  histopathological  examination  of 
the  lungs  at  this  timepoint.  Those  RP/BR-exposed  (0.75  and  1.20 
mg/L)  animals  which  died  during  the  later  parts  of  this  study  had 
terminal  bronchiolar  fibrosis  and  erosions  of  the  laryngeal 
mucosa  with  deposition  of  fibrin  on  the  surface.  These  laryngeal 
changes  were  probably  contributory  to  their  death.  The  presence 
of  congestion,  hemorrhage,  and  interstitial  inflammation  in  the 
lungs  of  1 . 20-mg/L-exposed  rats  which  died  during  this  experiment 
strongly  suggests  that  these  effects  were  due  to  the  RP/BR  smoke. 
This  concentration  obviously  produces  morbidity,  since,  in 
addition  to  these  morphologic  changes,  decreased  body  weight  and 
food  consumption  were  measured.  No  exposure-related  mortalities 
occurred  in  the  0 . 30-mg/L-exposure  groups  of  the  first  study  nor 
in  any  of  the  RP/BR  exposed  (0.30,  0.18  and  0.05  mg/L)  rats  of 
the  second  study. 

Although  positive  antibody  titers  to  PVM  were  found  in  rats  from 
the  first  study  (including  at  quarantine  sacrifice),  no  lesions 
characteristic  of  PVM  infections  were  found  in  the  lungs  of  the 
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rats  that  died  spontaneously  and  their  deaths  were  not  due  to 
PVM.  Also,  such  PVM-characteristic  lesions  are  separate  and 
distinct  from  the  changes  which  were  found  to  be  treatment- 
related  in  animals  at  the  terminal  necropsy. 

None  of  the  neurobehavioral  activity  measurements  conducted 
according  to  the  experimental  protocol  showed  consistent  or 
significant  changes. 


Occasional  statistically  significant  changes  in  pulmonary  lavage 
parameters  found  after  termination  of  the  exposures  in  the  first 
study  were  practically  all  absent  after  the  recovery  period, 
indicating  that  alveolar  macrophages  return  to  their  normal  state 
within  8  weeks  after  the  exposures.  This  was  also  evident  from 
the  fact  that  a  significant  decrease  in  pulmonary  bactericidal 
activity  to  inhaled  5S-  K.  pneumoniae  at  all  three  exposure 
concentrations  (1.20,  0.75  and  0.3b  mg/L)  of  the  first  study  was 
completely  absent  after  the  recovery  period.  In  the  second  study 
none  of  the  RP/BR  exposures  (0.30,  0.18  and  0.05  mg/L),  including 
the  previously  positive  0.30  mg/L,  produced  an  effect  thus 
indicating  that  the  no-measureable  effect  level  for  pulmonary 
bactericidal  activity  in  male  Sprague-Dawley  rats  under  the 
exposure  protocol  used  was  <  0.30  mg/L  of  RP/BR  aerosol. 

Histologically  no  treatment- related  changes  were  found  in  any  of 
the  tissues  examined  outside  of  the  respiratory  tract.  The 
primary  treatment-related  change  seen  after  termination  of  both 
subchronic  studies  was  in  the  lung  and  was  diagnosed  as  "terminal 
bionchiolar  fibrosis",  a  lesion  consisting  of  thickening  of  the 
alveolar  walls  and  of  the  most  distal  portions  of  the  terminal 
bronchioles  at  the  point  where  they  join  the  alveolar  sacs.  The 
use  of  Masson's  trichrome  stain  showed  strong  evidence  of 
collagen  deposition  at  these  sites. 

The  results  of  the  microscopic  examinations  of  the  lungs  in  the 
first  study  showed  that  inhalation  of  RP/BR  for  2  weeks  produced 
minimal  bronchiolar  fibrosis  in  50%  of  rats  exposed  to  0.75  mg/L 
RP/BR  and  minimal  to  mild  fibrosis  in  all  of  the  1 . 2-mg/L-exposed 
rats.  All  rats  had  fibrosis  after  4  weeks  of  exposure  to  0.75  or 
1.2  mg/L  of  RP/BR.  After  completion  of  the  13-week  studies  100% 
of  the  rats  exposed  to  0.75  mg/L  RP/BR  or  higher  and 
approximately  30%  of  rats  exposed  to  0.30  mg/L  had  terminal 
bronchiolar  fibrosis.  Severity  and  frequency  of  the  lesion 
increased  with  the  higher  doses.  In  the  second  study  there  were 
no  interim  examinations.  Minimal  terminal  bronchiolar  fibrosis 


was  found  in  less  than  50%  and  25%  of  the  rats  exposed  to  0.30 
and  0.18  mg/L  of  RP/BR,  respectively.  At  0.05  mg/L,  the  lowest 
dose  in  this  study,  no  changes  were  found.  In  both  of  these 
studies  following  the  eight-week  recovery  periods  there  was  a 
decreased  incidence  of  the  lesions,  but  they  were  still  present. 
Thus  the  no-measurable  effect  level  for  terminal  bronchiolar 


fibrosis  under  the  exposure  protocol  described  was  0.05  mg/L  of 
RP/BR  and  the  lowest  effective  dose  was  0.18  mg/L. 
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A  separate  i_n  vitro  genetic  toxicology  study  was  conducted  with 
funds  added  to  the  contract  for  this  purpose  using  condensates  of 
RP/BR  combustion  products  generated  with  the  methods  described  in 
the  iji  vivo  studies.  The  results  demonstrated  that  the 
condensate  does  not  cause  point  mutations  of  bacteria,  primary 
DNA  damage  in  rat  hepatocytes,  or  clastogenic  damage  in  Chinese 
Hamster  Ovary  cells  under  the  conditions  tested. 
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FORWORD 


This  report,  IITRI  No.  L06139,  Phase  IV  (Final)  Report  describes 
studies  conducted  by  the  Life  Sciences  Department,  IIT  Research 
Institute  for  the  Health  Effects  Research  Division,  u.S.  Army 
Medical  Bioengineering  Research  and  Development  Laboratory  during 
the  period  of  July  1984  through  May  1986.  The  studies  were 
carried  out  under  contract  No.  DAMD17-82-C-2121 . 

Catherine  Aranyi  served  as  Principal  Investigator  and  Study 
Director.  Stanley  Vana  was  responsible  for  the  inhalation 
exposure  facilities  and  the  aerosol  generation  and  monitoring 
throughout  the  studies.  Jeannie  Bradof  and  Marianna  Furedi , 
respectively,  were  in  charge  of  the  pulmonary  cellular  response 
and  general  toxicology  endpoints.  The  neurobehavioral  activity 
studies  were  designed  and  conducted  by  Maurlene  Preache. 
Necropsy  procedures,  tissue  collection  and  preparation  for 
histopathologic  evaluation  were  under  the  supervision  of 
Vladislava  Rac  and  Donald  E.  Gordon  (Consultant).  Necropsy 
reports  were  prepared  by  Pathologists  Vladislava  Rac  and  Allan 
Hall,  III.  Histopathologic  evaluation  of  the  collected  tissue 
samples  was  performed  by  W.D.  Iverson,  Consultant  Pathologist 
from  Experimental  Pathology  Laboratories,  Inc.,  Herndon,  VA. 
Robert  Gibbons,  Consultant  Biostatistician,  was  responsible  for 
statistical  design  and  analysis.  Robert  Guerrero  was  responsible 
for  the  separately  conducted  in  vitro  genetic  toxicology  studies. 


Cathe  r 1 ne  Aranyi 
Scientific  Advisor 
Principal  Investigator 
Life  Sciences  Research 
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1.  INTRODUCTION 


As  part  of  an  overall  concern  for  personnel  health  and  safety, 
the  U.S.  Army  Medical  Research  and  Development  Command  was 
seeking  to  evaluate  the  effects  produced  by  inhalation  of 
combustion  products  from  red  phosphorus/butyl  rubber  used  as  an 
obscurant  smoke  for  troops  and  vehicles  in  tactical  and  training 
environments.  Laboratory  rats,  exposed  in  chambers,  were  used  to 
provide  a  comprehensive  definition  of  the  biological  effects  of 
red  phosphorus  smoke  to  mammalian  systems  under  conditions  which 
approximate  the  potential  troop  exposure.  The  approach  to  this 
research  included  range-finding  acute  studies  to  determine  lethal 
concentrations  and  influence  of  exposure  duration  on  mortality; 
repeated  exposure  studies  to  define  time-concentration 
relationships  as  well  as  threshold  levels,  healing,  and 
adaptation  in  biological  reactions;  and  subchronic  exposure 
studies  with  a  recovery  and  observation  period  after  the 
experimental  exposure.  The  principal  biological  response 
criteria  monitored  included  overt  toxic  signs,  clinical  and 
morphological  pathology,  pulmonary  bactericidal  activity, 
examination  of  the  pulmonary  lavage  including  alveolar  macrophage 
functional  and  biochemical  responses,  and  neurobehavioral 
activity.  An  in  vivo  genetic  toxicology  study  on  RP/BR 
combustion  product  condensates  was  added  to  the  program  during 
the  final  phase  of  the  main  jin  vivo  studies. 


2.  OBJECTIVES 


The  objective  of  the  Phase  IV  inhalation  exposure  studies  was  to 
evaluate  the  biological  effects  and  the  reversibility  of  the 
observed  effects  of  subchronic  RP/BR  aerosol  exposures  on  various 
biological  endpoints  in  male  Sprague  Dawley  rats.  In  Phases  I 
through  III  of  the  studies,  the  aerosol  exposure  system  was 
characterized  for  homogeneity  (Phase  I),  rangefinding  acute  and 
repeated-dose  exposures  were  conducted  (Phase  II)  and  the 
combination  of  the  effects  of  exposure  concentration,  duration 
and  frequency  on  a  series  of  biological  endpoints  were  examined 
in  depth  after  a  4-week  exposure  and  a  2-week  recovery  period, 
respectively  (Phase  HI).  (See  Section  3  of  this  report  and  for 
more  detail  Phase  Report  I  (ADA  157686,  August  1983),  Phase 
Report  II  (ADA  158323,  December  1983),  and  Phase  Report  III  (ADA 
1735493,  December  1984).  The  primary  objective  of  the  Phase  IV 
studies  was  to  define  the  no-measurable  effect  level  for  the 
biological  response  parameters  assessed  to  be  the  most  sensitive 
indicators  of  dysfunction. 
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3.  BACKGROUND:  STUDY  PHASES  I,  II,  and  III 


3.1  PHASE  I 


The  objective  of  the  Phase  I  studies  was  the  establishment  and 
standardization  of  the  inhalation  exposure  conditions.  The 
inhalation  exposure  facility  built  for  this  project  consisted  of 
conditioned  air  supply  and  chamber  air  exhaust  systems; 
inhalation  exposure  chambers  with  air  flow  and  differential 
pressure  controls  and  red  phosphorus  butyl  rubber  (RP/BR) 
combustion  generators.  Seven  one  cubic-meter  inhalation  chambers 
were  available,  five  of  which  located  in  one  laboratory  were  used 
for  exposure  to  RP/BR  aerosols.  To  assure  that  no  contact  with 
the  experimental  test  atmosphere  would  occur,  the  two  control 
chambers  for  exposure  to  filtered  air  were  maintained  in  a 
separate  room  and  connected  to  another  air  handling  system  that 
provided  the  same  environmental  conditions.  The  combined  exhaust 
air  from  the  five  aerosol-exposure  chambers  was  filtered  through 
a  single-housing,  30-element  coalescent  filter  and  exhausted 
above  the  roof  of  the  building.  To  prevent  corrosion,  the  filter 
housing  was  built  from  acid-resistant  polyvinyl  chloride.  A 
pressure  differential  gauge  installed  across  the  filter  monitored 
filter  saturation. 

The  aerosol  was  generated  by  burning  RP/BR  extruded  through 
specially  designed  hydraulic  extrusion-combustion  generators 
provided  by  the  U.S.  Army  Medical  Bioengineering  Research  and 
Development  Laboratory  through  Oak  Ridge  Nationa]  Laboratory 
( ORNL ) .  The  RP/BR,  softened  with  hexane  and  prepackaged  in 
stainless  steel  feed  cylinders  (billets),  was  also  supplied  by 
ORNL.  The  generator  operates  by  exerting  pressure  through  a 
hydraulic  pump  on  the  RP/BR  contained  in  the  feed  cylinder.  The 
material  is  forced  by  a  piston  to  extrude  from  an  orifice  of  the 
feed  cylinder  extending  into  the  burn  chamber  of  the  generator 
and  ignited  by  an  electrically  heated  wire  loop.  The  RP/BR  is 
burned  in  and  the  combustion  products  are  mixed  with  conditioned 
air  and  the  aerosol  is  transported  directly  into  the  exposure 
chamber  inlet  port.  At  a  constant  chamber  air  flow  rate  the 
concentration  of  the  aerosol  is  a  function  of  the  extrusion  rate 
of  the  RP/BR  which  is  controlled  by  the  automatic  hydraulic  pump 
speed. 

Throughout  the  studies  temperature  and  relative  humidity  were 
monitored  continuously  and  maintained  between  24  to  27°C  and  40 
to  60  percent  relative  humidity.  The  aerosol  was  monitored  for 
mass  concentration  intermittently  by  filter  samples  and 
continuously  with  photoelectric  sensors,  for  particle  size 
distribution  with  a  piezoelectric  microbalance-based  cascade 
impactor,  and  for  total  phosphorus  content  by  chemical  analysis 
of  the  filter-collected  aerosol  samples.  Oxygen  concentration 
determined  in  the  chambers  during  each  exposure  was  consistently 
21  percent.  Chemical  analysis  of  the  chamber  atmosphere 
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indicated  the  absence  of  hexane,  levels  of  less  than  10  ppb  of 
phosphine,  and  variable,  but  relatively  low,  levels  of  carbon 
monoxide  that  could  not  be  correlated  with  the  RP/BR  aerosol 
concentrations . 

The  objective  of  the  Phase  I  studies  was  to  evaluate  spatial  and 
temporal  homogeneity  of  the  chamber  atmosphere  in  a  three- 
dimensional  array  of  points  through  a  procedure  of  simultaneous 
sampling  with  cages  and  animal  surrogates  in  place.  For  the 
pilot  chamber,  sufficient  numbers  of  sampling  points  were 
selected  to  allow  for  characterization  of  spatial  aerosol 
homogeneity  within  the  chamber  along  with  a  series  of  sequential 
samples  that  were  taken  from  a  single  or  from  multiple  randomly 
selected  fixed  points  to  define  temporal  homogeneity  for  a  period 
corresponding  to  the  duration  of  the  longest  exposure.  The 
aerosol  was  monitored  for  mass  concentration,  particle  size  and 
total  phosphorus  content  at  three  generator  settings  (aerosol 
concentrations)  replicating  all  tests  at  each  generator  setting 
three  times.  The  ultimate  objective  was  to  reduce  the 
variability  of  spatial  and  temporal  homogeneity,  with  appropriate 
chamber  modifications  if  necessary,  to  +  20  percent  of  the  mean 
of  each  parameter  throughout  the  chambers  and  the  range  of 
concentrations  tested. 

Three  test  concentrations  were  selected  on  the  following  basis: 
the  lowest  operational  concentration  of  the  RP/BR  generators  at 
the  500  liter/min  air  flow  rates  used  in  our  chambers  (C.:  0.2- 
0.3  mg/L);  the  highest  concentration  that  could  be  maintained  for 
the  4-hr  testing  periods  using  the  larger  0.75  in-diameter  RP/BR 
billets  (C,;  approximately  1.0  mg/L)  and  an  intermediate 
concentration  chosen  between  and  (C2:  approximately  0.5 

After  standardization  of  the  pilot  chamber  was  completed,  a 
single  generator  setting  from  those  three  evaluated  for  the  pilot 
chamber  was  randomly  selected  for  each  of  the  four  remaining 
chambers  and  spatial  and  temporal  homogeneity  tests  were 
conducted  in  three  replicate  experiments  for  each  chamber. 

The  statistical  model  used  was  a  three-factor  mixed-model 
analysis  of  variance.  Concentration  and  location  (shelf  numbers 
1,2, 3, 4  and  center  point)  were  considered  to  be  the  fixed 
factors,  whereas  replication  was  considered  random;  hence  the 
term  "mixed  model".  This  model  determines  if  between-location 
differences  are  nonsignificant  (there  is  spatial  homogeneity)  and 
if  differences  between  locations  depend  on  concentration  (there 
is  a  concentration  by  location  interaction).  In  the  analysis  of 
temporal  homogeneity  time  was  substituted  for  location  as  the 
second  factor  in  the  design. 

Shelf  means  and  individual  sampling  location  levels  were  reported 
in  percent  mean  deviation  units  from  overall  chamber  means. 
Between  chamber  comparisons  were  made  by  comparing  overall  means 
and  examining  deviations  between  the  parameters  measured  in  the 
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pilot  chamber 
concentrations 


and  each  of  the  other  chambers  at  appropriate 


The  results  demonstrated  that  the  pilot  chamber  was  spatially, 
well  as  temporally  homogeneous  in  terms  of  aerosol  m 
concentration  and  percent  total  phosphorus  and  that  homogene 
was  not  affected  by  concentration. 

Particle  size,  expressed  as  mass  mean  aerodynamic  diameter  ( 
the  chamber  homogeneity  calculations  only),  appeared  to  increase 
from  top  to  bottom  in  each  chamber  (with  aerosol  residence  time) 
and  also  with  increasing  aerosol  concentration.  The  chamber 
gradient  within  each  concentration,  however,  was  generally  within 
the  precision  of  the  cascade  impactor.  In  addition,  the  change 
in  particle  size  for  the  entire  concentration  range  tested  was 
0.3  to  0.6  m  mass  mean  aerodynamic  diameter  which  represents 

particles  that  can  be  inhaled  and  deposited  in  the  deep  lung  and 
thus  this  statistical  significance  was  not  biologically 
meaningful  in  terms  of  inhalation  and  deposition  of  particles. 

To  verify  that  the  temporal  and  spatial  homogeneity  obtained  in 
the  pilot  chamber  were  consistent  in  the  other  four  chambers, 
statistical  analysis  for  each  was  performed.  In  addition, 
maximum  ^cation  deviations  in  terms  of  worst-case  shelf  means 
were  calculated  for  each  of  these  chambers  relative  to  the 
overall  chamber  means  of  each  of  the  chambers.  Although  several 
of  these  statistical  tests  were  significant,  indicating 
statistical  heterogeneity,  the  worst-case  deviation  for  all 
chambers  was  17  percent  from  the  overall  chamber  mean.  Because 
of  the  large  sample  size  the  sensitivity  of  the  statistical 
evaluation  was  beyond  what  could  be  required  with  the  given 
physical  limitations  of  the  system.  Thus  under  the  20  percent 
variation  limit  set  as  our  goal,  the  data  represented  adequate 
levels  of  homogeneity. 

For  inter-chamber  comparisons,  the  overall  means  for  each 
parameter  and  for  each  chamber  were  compared  to  the  overall  means 
of  the  pilot  chamber  for  that  respective  concentration  level. 
The  data  demonstrated  that  all  be  tween-chamber  comparisons  were 
within  16  percent  of  the  pilot  chamber  for  all  measured 

parameters;  hence  it  was  concluded  that  the  targeted 

concentration  values  were  attained  in  the  additional  chambers. 
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Thus  the  extensive  statistical  analysis 
revealed  conditions  of  spatial  and  temporal 
aerosol  mass  concentration  and  for  perc 
levels.  Although  a  statistically  signifi 
size  gradient  was  found,  the  variation 
biologically  in  terms  of  inhalation  and 
tracheobronchial  region  and  the  deep  lung, 
homogeneous  when  measured  ever  time, 
additional  chambers  revealed  some  stati 
differences;  however,  the  worst-case  devi 
relative  to  its  overall  chamber  mean  a 
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the  pilot  chamber  were  under  the  20  percent  variation 
for  the  homogeneity  tests  on  the  basis  of  overall 
of  the  complex  test  article-generator-chamber  system, 
it  could  be  concluded  that  adequate  levels  of 
were  attained  in  all  chambers.  (For  further  details 
Report,  ADA  157686,  August,  1983.) 


3.2  PHASE  II 
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objective  of  Phase  II  was  to  conduct  exploratory  experiments 
range-finding  mortality  studies  and  selected  pulmonary 

-  parameters  to  provide  information  on  and  the  basis  for 

of  the  exposure  conditions  for  the  definitive  studies 
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exposure 
Phases  III  and 


IV. 


In  early  exploratory  experiments,  male  and  female  Sprague- 
rats  were  exposed  to  various  concentrations  of  RP/BR  ae 
ranging  from  0.5  to  3  mg/L  for  durations  of  1-  to  4-hr. 
significant  decreases  in  pulmonary  bactericidal  activi 
inhaled  s-K . pneumoniae  were  found  in  the  exposed  rats  re 

to  controls  after  single  as  well  as  multiple  exposures 
higher  exposure  concentrations  also  produced  signi 
decreases  in  total  cell  counts  in  the  pulmonary  free 
obtained  by  tracheobronchial  lavage  from  the  exposed 
relative  to  those  collected  from  controls. 
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In  subsequent  range-finding  mortality  studies  male  and  female 
rats  were  given  single  1-hr  exposures  to  2.00,  2.22,  2.62,  3.09 
and  3.15  mg/L  of  RP/BR  aerosols  and  observed  for  14  days.  Only 
the  exposures  to  :>2.62  mg/L  caused  deaths.  The  maximum  mortality 
resulting  from  a  single  1-hr  exposure  to  approximately  3  mg/L  of 
RP/BR  aerosol  (maximum  generator  capacity)  was  20  to  25  percent, 
whereas  2.62  mg/L  resulted  in  6  percent  deaths.  A  single  4-hr 
exposure  to  0.88  mg/L,  with  a  CxT  value  similar  to  those  in  the 
3.09  and  3,15  mg/L  1-hr  studies  caused  no  deaths,  thereby 
suggesting  that  exposure  concentration  is  the  determining  factor 
rather  than  duration.  These  experiments  demonstrated  that  LC50 
studies  with  single  exposures  at  logarithmically-spaced 
concentrations  were  not  feasible  in  the  range  of  aerosol 
concentration  levels  physically  attainable  with  the  generators  at 
the  air  flow  rates  required  in  our  inhalation  exposure  system. 

in  a  follow-up  multiple  exposure  study,  rats  inhaled  RP/BR 
aerosols  for  1  hr  daily  on  5  consecutive  days  at  concentrations 
of  1.56,  1.99,  2.49  and  3.05  mg/L.  Mortality  rates,  mean 
survival  times,  body  weights  and  overall  clinical  observations 
were  made  during  the  5  exposure  days  and  for  a  14-day  post¬ 
exposure  observation  period.  Necropsies  were  done 
that  died  during  the  study  and  on  survivors  on  Day 
changes  for  the  two  sexes  combined  ranged  from  5 
The  estimated  LC50  value  was  2.32  mg/L  with  1.99 
percent  confidence  limits. 


on  all  animals 
19.  Mortality 
to  90  percent, 
to  2.73  mg/L  95 
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When  rats  received  five  daily  4-hr  exposures  to  0.35  or  0.99  mg/L 
of  RP/BR  aerosol  only  one  died.  Comparison  of  body  weights  and 
of  clinical  observations  for  the  1-  and  4-hr  studies  showed 
markedly  adverse  effects  after  the  1-hr  and  practically 
negligible  ones  after  the  4-hr  exposures.  Thus  the  greater 
influence  of  exposure  concentration  on  toxicity  over  duration  was 
again  demonstrated. 

Based  on  the  results  of  these  initial  range-finding  experiments, 
follow-up  studies  were  conducted  on  male  and  female  rats  using 
four  daily  exposures  to  0.50  mg/L  of  RP/BR  aerosol  and  comparing 
1.0  and  3.5-hr  exposure  durations.  Pulmonary  free  cell 
parameters  and  structural  changes,  as  evaluated  by  gross  necropsy 
and  histopathology ,  were  tested  immediately  following  the  last 
exposure  and  after  a  14-day  recovery  period,  in  an  additional 
study,  rats  were  exposed  to  0.50  mg/L  of  RP/BR  for  3.5-hr  daily  4 
days  per  week  for  4  weeks.  Gross  pathologic  observations  were 
made  after  the  last  exposure  and  2  weeks  following  the  last 
exposure.  All  studies  included  daily  clinical  observations  and 
regular  body  weight  determinations. 

No  deaths  occurred  in  any  of  the  studies  and  generally  no 
treatment-related  clinical  observations  were  seen.  Statistical 
analysis  of  body  weights  showed  that  exposure  duration  was  not  a 
significant  factor.  When  body  weight  changes  were  analyzed  over 
the  entire  period  of  exposure  and  recovery,  the  4-day  as  well  as 
4-week  exposures  produced  weight  decreases  in  male  and  female 
rats  relative  to  controls  that  did  not  return  to  the  normal 
control  level  within  the  recovery  period. 

Exposure  duration  did  not  have  a  significant  effect  on  the 
pulmonary  free  cell  parameters.  Total  and  differential  cell 
counts  in  the  pulmonary  lavage  were  not  affected.  Cellular  ATP 
levels  in  the  lavaged  cells  were  significantly  decreased  when 
examined  immediately  after  the  fourth  exposure;  however,  recovery 
was  complete  after  14  days. 

No  compound-related  gross  pathologic  lesions  were  observed  during 
necropsies  immediately  following  the  last  exposure  or  after  a  14- 
day  recovery  period  in  either  the  4-day  or  the  4-week  exposure 
group. 

Microscopic  examination  of  the  tissues  immediately  following  the 
4-day  exposure  and  after  a  2-week  recovery  period  did  not  reveal 
any  treatment-related  changes  in  kidneys,  trachea  and  nasal 
turbinates.  However,  lungs  of  several  animals  had  focal  areas  of 
interstitial  reaction  with  alveolar  macrophages  which  was 
considered  to  be  potentially  treatment-related.  These  animals, 
however,  also  had  moderate  to  marked  lymphoid  hyperplasia  cf 
pulmonary  lymph  nodes  which  suggested  that  an  infectious  agent 
may  have  produced  the  pulmonary  lesions.  (For  further  details 
see  Phase  II  Report,  ADA  158323,  December,  1983.) 
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3.3.  PHASE  III 


The  objectives  of  the  repeated  exposure  studies  of  Phase  III  were 
to  evaluate  the  interactive  effects  of  exposure  concentration, 
duration  and  frequency  conditions  to  select  the  most  sensitive 
biological  response  parameters  for  the  subsequent  subchronic 
studies  of  Phase  IV.  To  accomplish  these  objectives,  an 
experimental  design  using  response  surface  modeling  was  applied. 
This  statistical  approach  allowed  us  to  examine  multiple 
biological  response  parameters  under  a  large  number  of 
experimental  conditions  and  to  select  the  most  appropriate 
combinations  of  these  factors  for  testing  in  the  final 
experimental  design.  The  experimental  conditions  included 
various  combinations  of  exposure  concentrations,  durations  and 
frequencies  used  over  a  four-week  exposure  period.  The 
experimental  endpoints  tested  immediately  after  the  last  exposure 
and  after  a  two-week  recovery  period  included  pulmonary  cellular 
responses,  neurobehavio ral  activity,  genetic  toxicology,  clinical 
and  morphological  pathology,  as  well  as  standard  toxicologic 
observations  (body  weights,  food  consumption  and  clinical 
observations ) . 

The  investigation  was  divided  into  three  main  studies.  The  first 
study  was  to  define  the  experimental  conditions  in  terms  of 
combinations  of  exposure  concentrations,  durations  and 
frequencies  that  produce  maximal  effects  in  the  biological 
response  parameters  selected  for  the  project.  Our  statistical 
approach  made  it  possible  to  work  with  a  low  subject  number  (n«4) 
for  this  initial  study  as  necessitated  by  the  complex 
experimental  design.  This  design  consisted  of  four  concentrations 
(0,  0.40,  0.75  and  1.00  mg/L),  two  durations  (1  and  3.5  hr)  and 
three  frequencies.  The  frequencies  examined  were  exposures  on 
two  consecutive  days  (Fl),  four  consecutive  days  (F2),  or  two 
days  separated  by  two  days  of  rest  (F3).  Maximally  stressed 
controls  inhaling  filtered  air  for  3.5  hr/day  on  four  consecutive 
days/week  were  used  with  all  exposure  combinations.  The  total 
exposure  period  was  four  weeks  with  biological  assays  conducted 
immediately  after  the  last  exposure  and  for  two  concentrations 
(high  dose  and  control),  one  frequency  (F2)  and  one  duration  (3.5 
hr)  tested  also  after  a  two-week  recovery  period.  Thus  animals 
exposed  to  the  most  stressful  conditions  were  used  in  the 
recovery  study. 

With  a  sample  size  of  four  animals  this  design  obviously  is 
inadequate  to  test  the  four-way  interaction  of  concentration  by 
duration  by  frequency  by  recovery.  This  sample  size  is  adequate, 
however,  for  tests  of  main  effects  and  two-way  interactions.  For 
example,  the  main  effect  of  concentration  has  a  relative  sample 
size  of  24  animals  per  dosage  group  and  control  (since  the  design 
is  completely  balanced).  The  concentration  by  frequency  and 
concentration  by  duration  interactions  also  have  adequate  sample 
sizes.  In  light  of  this,  the  selected  sample  size  in  this  first 
study  yields  more  than  adequate  statistical  power  for  an  initial 
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characterization  of  the  response  surface  involving  main  effects 
and  all  possible  two-way  interactions.  Further  studies  using 
more  specific  experimental  conditions  had  appropriately  increased 
sample  sizes. 

The  results  of  this  first  study  showed  relatively  few  compound- 
related  effects  and  those  that  were  observed,  in  general,  also 
exhibited  complete  recovery.  Although  there  were  exceptions  to 
this  rule,  given  the  large  number  of  parameters  tested,  these 
effects  could  have  occurred  by  chance.  Furthermore,  when 
statistically  significant  interactions  did  occur,  main  effects 
were,  in  general,  absent.  Conversely,  strong  main  effects  only 
occurred  for  parameters  which  did  not  have  interactions.  These 
findings  further  point  to  the  fact  that  these  observations  were 
spurious,  and  thus  it  could  be  concluded  that  duration  and 
frequency  did  not  appear  to  produce  major  changes  in  the  effects 
of  exposure  concentration. 

Based  on  these  results,  more  specific  conditions  with  increased 
sample  size  were  selected  for  the  subsequent  studies.  in  the 
second  and  third  extended  studies  with  male  and  female  rats, 
respectively,  more  detailed  examination  of  dose  response 
relations  were  made  for  a  single  duration  and  frequency 
combination.  Since  the  outcome  of  the  first  study  showed  that 
frequency  and  duration  did  not  affect  results  significantly, 
exposure  on  four  consecutive  days  per  week  ( F2 )  was  selected  to 
explore  the  "worst  case"  situation  and  2.25  hr,  the  mean  between 
the  previously  tested  1  and  3.5  hr  was  chosen  as  the  single 
duration.  The  RP/BR  exposure  concentrations  of  0.75,  1.00  and 
1.20  mg/L  were  used  in  the  study  with  male  rats  and  this  range 
was  lowered  to  0.40,  0.75  and  1.0  mg/L  for  the  study  with  female 
rats.  The  increased  sample  size  of  n-15  used  in  these  two 
studies  allowed  for  direct  estimates  of  the  recovery  effect  (i.e. 
concentration  by  recovery  interaction)  and  also  for  obtaining 
multivariate  test  statistics  in  addition  to  the  previously 
reported  univariate  results. 

Aerosol  exposure  monitoring  data  indicate  that  the  target 
concentrations  were  well  maintained  at  each  exposure  level 
throughout  each  of  the  three  studies.  Mean  RP/BR  mass 
concentrations  were  consistently  within  4%  of  the  target  value 
when  measured  gravimetrically  and  within  3%  of  the  required 
concentration  when  determined  using  the  light  scattering 
photosensor.  Standard  deviations  of  the  daily  mean 
concentrations  were  below  +  8%  in  every  instance  when  calculated 
for  either  sampling  method.  Excellent  agreement  between  the 
gravimetric  and  light  scattering  methods  were  demonstrated  with 
variations  in  mean  daily  concentration  between  each  method  being 
approximately  equivalent  in  magnitude  to  the  deviations  due  to 
actual  concentration  fluctuation  measured  within  each  method. 
The  particle  size  data  indicate  excellent  aerosol  stability 
throughout  the  exposures  with  the  mean  ranging  from  0.44  to  0.64 
yim  and  mean  og  from  1.66  to  1.97.  Phosphorous  acid  levels  ranged 
from  61  to  74%.  The  variation  from  sample  to  sample  is  generally 
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thought  to  include  the  inherent  errors  due  to  sampling  and 
chemical  analysis  in  addition  to  the  actual  fluctuation  in 
phosphorous  acid  levels  in  the  chambers. 

During  the  exposure  period,  wheezing  and  labored  breathing  were 
observed  in  male  rats  exposed  to  the  high  concentration  level. 
Decreased  body  weights,  body  weight  gains  and  reduced  food 
consumption,  seen  in  male  rats  only,  at  all  concentration  levels 
during  the  exposures,  returned  to  normal  after  the  recovery 
period.  Although  an  overall  mortality  of  12.1%  was  observed  in 
male  rats  exposed  to  the  high  concentration  level  (1.2  mg/L)  this 
was  due  to  a  70-minute  concentration  overrun  to  1.S5  mg/L  in  one 
of  the  chambers  on  the  first  day  of  the  exposures.  The  5.2% 
mortality  value  observed  in  a  second  chamber  reflects  the  effect 
of  the  exposure  more  realistically,  in  female  rats  only  a  single 
death  was  observed  during  the  entire  study  and  this  0.8% 
mortality  occurred  in  the  medium  (0.75  mg/L)  concentration  level. 

While  many  statistically  significant  main  effects  and 
concentration  by  recovery  interactions  were  determined  for 
individual  response  parameters  in  clinical  pathology,  only  a 
small  percentage  were  deemed  to  be  biologically  significant;  the 
remainder  were  judged  to  be  biologically  insignificant  due  to 
their  small  change  in  absolute  value  relative  to  the  control 
value,  the  associated  standard  deviation  and  their  absolute  value 
being  within  or  close  to  the  published  normal  range  for  the 
particular  parameter  measured.  Among  the  prominent  biological 
effects  of  RP/BR  aerosols  on  hematology  values  were,  therefore, 
decreased  WBC  counts  in  the  male  rats  immediately  after 
termination  in  the  0.75-  and  1 . O-mg/L-treatment  groups,  and  their 
return  to  within-normal-limits  at  the  end  of  the  recovery  period. 
Increased  lymphocytes  were  seen  in  the  0 . 75-mg/L-treated  female 
rats  at  both  time  periods  in  addition  to  a  general  and  minimal 
trend  of  increased  lymphocytes  in  all  female  RP/BR-exposed 
animals . 

A  greater  number  of  clinical  chemistry  endpoints  showed 
statistically  significant  changes.  Decreased  cholesterol  and  bun 
values  were  seen  in  all  RP/BR-exposed  male  rats  at  termination  of 
the  exposures  with  a  return  of  values  to  within-normal-limits  at 
recovery  sacrifice  for  cholesterol,  but  not  for  BUN  in  the  1.0 
mg/L  treatment  group.  Treatment-induced  decreases  in  cholesterol 
and  triglyceride  levels  were  seen  in  all  RP/BR-treated  females  at 
termination.  Only  female  rats  receiving  1.0  mg/L  RP/BR  showed 
significantly  decreased  cholesterol  and  triglyceride  levels  after 
the  recovery  period  ,  whereas  rats  receiving  0.75  or  1.0  mg/L 
showed  decreased  BUN  levels  at  the  same  time  point.  The  clinical 
chemistry  data  for  both  sexes  suggest  a  forthcoming  and  total 
recovery  in  that  the  dose-response  effect  of  treatment  has 
diminished  at  recovery.  A  longer  recovery  period  may  have 
allowed  for  the  return-to-normal  values  of  all  individual 
paramete  t s . 
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Statistical  evaluation  of  the  pulmonary  response  data  showed 
significant  interactions  and  main  effects  in  various  categories 
for  which  subsequently  individual  post  hoc  comparisons  were  made. 
A  review  of  the  data  demonstrates  that  ij}  vivo  bactericidal 
activity  of  alveolar  macrophages  (AH)  to  inhaled  5S-K. 

fneumoniae  and  the  percentage  of  macrophages  in  the  cellular 
avage  were  not  affected  by  the  exposures  in  either  of  the  sexes, 
and  phagocytosis  was  unaffected  in  female  rats.  Total  cell 
counts  were  significantly  increased  in  the  pulmonary  lavage 
from  female  rats  immediately  after  exposure  to  0.75  or  1,0  mg/L, 
while  differential  counts  remained  unaffected.  Since  97  to  99% 
of  the  cells  were  macrophages,  this  indicates  an  increased  number 
of  AM  in  the  lungs  following  exposures.  After  the  recovery  period 
the  counts  were  no  longer  different  from  controls.  The  lack  of 
increase  in  total  cell  counts  for  the  exposed  male  rats  was 
attributed  to  some  high  outlier  values  in  the  controls. 

There  were  significant  increases  in  cellular  ATP  levels  of  male 
and  female  rats  immediately  after  the  last  exposure  at  all 
concentrations  tested,  except  for  the  females  exposed  to  1.0 
mg/L.  After  recovery  only  part  of  these  values  remained 
elevated.  Although  the  pattern  of  these  changes  is  not  entirely 
clear,  the  general  increase  in  cellular  ATP  levels  indicates  an 
increased  energy  supply  that  may  be  responsible  for  the 
unimpaired  phagocytic  and  bactericidal  activity  observed 
immediately  after  these  exposures.  The  most  consistent  finding 
in  AM  of  male  and  female  rats  from  all  treatment  groups  was 
decreased  activity  of  the  plasma  membrane-associated  ectoenzyme 
5 ' nucleotidase  (5'-ND).  In  addition,  alkaline  phosphodiesterase 
( APDl )  activities  were  decreased  in  AM  of  male  rats  after 
recovery.  A  decrease  in  5 ' -ND  activity  is  considered  to  be  a 
marker  for  a  change  in  the  resident  peritoneal  macrophage  (PM) 
population  in  mice,  while  decreased  activity  of  both  5'-ND  and 
ADPl  in  PM  has  been  associated  with  enhanced  in  vitro  anti-tumor 
and  antiviral  activity.  Although,  to  our  knowledge,  such  changes 
have  not  been  interpreted  yet  in  a  similar  fashion  for  AM  in 
rats,  these  data  suggest  that  there  may  be  a  change  in  AM 
population  induced  by  exposure  to  RP/BR  and  that  these  cells  may 
have  been  primed  for  activation  or  activated  as  evidenced  also  by 
the  significant  increases  in  cellular  ATP  levels. 

A  significant  increase  in  the  protein  level  of  the  pulmonary 
lavage  fluid  of  rats  of  both  sexes  after  exposures  to  the  high 
concentrations  (1.2  and  1.0  mg/L  for  males  and  females 
respectively),  indicating  pulmonary  capillary  fragility, 
exhibited  complete  recovery  in  males. 

Of  the  neurobehavioral  parameters,  locomotor  activity  was 
significantly  affected  by  exposure  to  RP/BR  aerosols.  Male  rats 
showed  increased  motor  activity  at  all  concentrations  and 
incomplete  recovery  after  two  weeks  at  some  concentrations.  In 
females  there  was  a  trend  toward  increased  activity  but  no 
evidence  of  effects  after  the  recovery  period.  None  of  the 
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other  behavioral  endpoints  were  altered  by  the  exposures  in  a 
consistent  fashion. 

A  micronucleus  analysis  was  performed  on  bone  marrow 
polychromatic  erythrocytes  and  normocnromatic  erythrocytes  and  on 
circulating  red  blood  cells  of  female  rats  exposed  for  two  or 
four  weeks  to  filtered  air  or  to  1.0  mg/L  of  RP/BR-smoke  and 
after  a  two-week  recovery  period  following  four  weeks  of 
exposures.  The  results  showed  a  significant  clastogenic  response 
in  both  bone  marrow  and  RBC's  of  female  rats  that  were  exposed 
for  two  weeks  to  the  RP/BR  aerosol.  However,  no  effects  were 
found  after  four  weeks  of  exposures  or  after  a  two-week  recovery 
period  following  the  four  week  exposures.  Thus  these  results 
indicate  that  RP/BR  aerosol  is  a  weak  clastogen  for  female 
Sprague-Dawley  rats.  The  negative  results  found  after  four  weeks 
of  exposures  and  after  the  two-week  recovery  period  suggest  that 
the  rats  recruit  biochemical  pathways  to  detoxify  and  clear  the 
genotoxic  fractions  and  that  under  the  exposure  regimen  used,  an 
adaptation  is  in  effect  after  four  weeks  of  exposures. 

His topathological ly  no  treatment-related  changes  were  seen  in 
tissue  outside  the  respiratory  tract  in  any  of  the  studies. 
Changes  were  seen  in  the  lung,  where  the  primary  lesion  was 
terminal  bronchiolar  fibrosis  which  first  became  evident  when  the 
rats  were  exposed  to  0.40  mg/L  of  aerosol  for  3.5  hr/day  for  four 
consecutive  days.  The  lesion  increased  in  incidence  and  severity 
with  increased  concentrations  and  length  of  exposure  and  did  not 
exhibit  recovery.  The  use  of  Hasson's  trichrome  special  stain 
confirmed  that  part,  but  not  all  of  the  thickening  of  the 
terminal  bronchioles  and  associated  alveoli  was  due  to  fibrosis  - 
the  formation  of  the  new  collagen  fibers  in  excess  of  what  would 
normally  be  present. 

When  male  rats  were  exposed  to  0.75,  1.0  or  ^1.2  mg/L  and  female 
rats  inhaled  0.40,  0.75,  or  1.0  mg/L  of  rp/br  aerosols  for  2.25 
hr  per  day,  on  four  consecutive  days  per  week  for  four  weeks, 
all,  except  those  exposed  to  0.40  mg/L,  had  minimal  to  mild  to 
moderate  terminal  bronchiolar  fibrosis  after  both  the  end  of  the 
exposure  and  recovery  periods,  as  the  thickening  which  comprised 
this  lesion  became  more  severe,  increased  amounts  of  collagen 
were  present  in  these  areas  as  evidenced  by  Hasson's  trichrome 
stain.  A  treatment-related  increase  in  peribronchiolar 
eosinophilic  infiltrate  appeared  to  regress  during  the  recovery 
pe  r  i  od . 

An  additional  study  which  compared  rats  from  the  Madison,  WI  and 
Indianapolis,  IN  breeding  colonies  of  Harlan-Sprague-Dawley , Inc. 
was  conducted  in  order  to  choose  the  most  appropriate  animals  for 
the  upcoming  subchronic  exposures.  Based  on  the  observations 
made  in  these  studies  and  the  advisability  of  working  with  PVM- 
free  animals  in  an  inhalation  exposure,  the  rats  from  the 
Indianapolis  breeding  colony  were  selected  for  the  subchronic 
exposures.  (For  further  details  see  Phase  III  Report,  December, 
1.984.  ) 

I  IT  RESEARCH  INSTITUTE 

20 


Lt*1  6 .4*1  a'  riWlUi1 


SIP 


AO  y  i,TVRV  l  V-W  <f  y  W  V*  ty'v  -  v*>  • 


3.4  _1N  VITRO  GENETIC  TOXICOLOGY  TESTING 


Within  the  time  frame  of  the  main  Phase  IV  in  vjlvo  studies  and 
with  additional  funds  added  to  the  contract  tor  tiffs  purpose,  a 
separate  i_n  vitro  study  was  conducted  to  determine  the  genotoxic 
properties  o’f  "tKe  condensates  of  RP/BR  combustion  products.  The 
organic  and  water  soluble  fractions  from  RP/BR  aerosol  generated 
with  the  same  methods  described  in  the  main  in  vivo  studies  were 
collected  and  the  combined  fractions  were  testecTfor  genotoxic 
properties  in  vitro  in  three  short-term  bioassays.  The  RP/BR 
condensate  was  evaluated  for  its  ability  to  cause  point  mutations 
in  bacteria  with  the  Ames  plate  incorporation  assay,  for  its 
ability  to  cause  primary  Dna  damage  in  the  form  of  unscheduled 
DNA  synthesis  (UDS)  in  primary  rat  hepatocytes,  and  to  cause 
clastogenic  damage  in  the  form  of  chromosome  aberrations  in 
Chinese  Hamster  Ovary  cells  (CHO). 

The  RP/BR  aerosol  extract  was  prepared  by  collecting  the 
condensate  from  9000  liters  of  both  filtered  air  and  of  1  mg/L 
aerosol  RP/BR  in  liquid  oxygen-cooled  Dewar  traps.  The  organic 
fractions  were  extracted  with  methylene  chloride  from  both 
samples  and  the  residues  then  solubilized  in  DMSO.  The  aqueous 
fractions  were  vacuum  concentrated  and  then  the  organic  and 
aqueous  fractions  were  combined.  The  air  control  sample  was  used 
as  the  solvent  control  in  the  in.  vitro  assays.  Since  the  RP/BR 
condensate  was  95%  phosphoric  aci'd",  phosphoric  acid  pH  controls 
were  included  for  each  dose  to  correct  for  any  genotoxic  effects 
caused  by  pH  alone. 

The  Ames  tests  and  UDS  test  results  were  both  unequivocally 
negative  and  the  results  were  not  influenced  by  low  pH 
conditions.  The  chromosome  aberration  assay  gave  positive  dose 
responses  with  the  RP/BR  condensate;  however,  when  the  results 
were  corrected  for  pH  effects,  the  clastogen  damage  due  to  the 
condensate  was  not  significant.  Therefore,  the  pH  gradient  alone 
caused  the  false  positive  dose  response. 

Thus  based  on  the  results  of  these  studies,  RP/BR  condensate  does 
not  cause  point  mutations  of  bacteria,  primary  DNA  damage  in  rat 
hepatocytes,  or  clastogenic  damage  in  CHO  cells  under  the 
conditions  tested.  The  reports  on  these  assays  are  included  in 
toto  in  Appendix  D. 
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4.  MATERIALS  AND  METHODS 


4.1.  ANIMALS 


Male  Sprague-Dawley  rats,  3  to  4  weeks-old  were  obtained  from  the 
Indianapolis,  IN  breeding  facility  of  Harlan/Spcague-Dawley , 
Inc.,  for  both  studies  of  Phase  IV.  Purina  Certified  Rodent 
Chow  5002  and  water  were  available  to  the  rats  ad  1 ibi turn  except 
during  the  exposures. 

The  animals  were  observed  daily  during  a  14-day  quarantine 
period.  Prior  to  assignment  to  treatment  groups  all  rats  were 
subjected  to  physical  examination  and  specimens  were  examined  for 
pathogenic  bacteria,  molds,  yeasts,  Mycoplasma  pulmonis  and 
endoparasi  tes .  Serum  samples  from  "Een  rats  were  sent  to 
Microbiological  Associates,  Bethesda,  MD,  to  obtain  virologic 
antibody  titers  for  Kilham  rat  virus,  Toolan  H-l,  pneumonia  virus 
of  mice  (PVM),  Sendai,  rat  coronavirus  and  sialodacryoadenitis 
virus . 

The  rats  were  housed  individually  in  stainless  steel  inhalation 
cage  compartments  measuring  18.4  x  16.5  x  15.9  cm.  Twenty-four 
cage  units,  each  containing  four  comportments,  were  attached  to 
each  rack  housing  a  total  of  96  rats,  when  attached  to  the  racks 
the  cages  were  equipped  with  an  automatic  drinking  water 
distribution  system  and  were  suspended  over  excrement  pans.  For 
exposure  the  cages  were  removed  from  the  racks  and  the  rats  are 
moved  in  their  cages  into  the  inhalation  chambers.  The  animals 
were  transferred  weekly  to  clean  cages  and  deotized  absorbing 
cage  boards  placed  on  the  excrement  pans  were  changed  three  times 
per  week. 

The  holding  rooms  in  which  the  test  animals  were  housed  during 
non-exposure  periods  were  monitored  each  working  day  for 
temperature  and  relative  humidity  (RH).  The  mean  and  standard 
deviation  for  temperature  and  percent  RU  were  22  +  1,4°C  and 
43  _■»_  14%  RH.  The  animal  rooms  were  maintained  on  12  hr  light/ 
da  r  k  'cycle  . 

Animals  were  randomized  to  treatment  groups  using  a  constrained 
random  process,  stratified  by  weight,  such  that  all  groups  were 
comparable  in  pretest  body  weight,  but  assignment  of  individual 
animals  to  groups  was  random.  Each  test  animal  was  identified 
with  a  unique  number  by  an  eat  tag. 
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4.2.  GENERATION  AND  MONITORING  OF  THE  TEST  ATMOSPHERE 


4,2.1.  Red  Phosphorus/Butyl  Rubbe  t  (RP/BR) 

The  test  article,  hexane-softened  RP/BR,  was  supplied  by  the 
Sponsor  through  ORNL  in  tightly  capped  0.75  inch-diameter  and  4.5 
inch-long  stainless  steel  feed  cylinders  (billets)  and  stored  at 
room  temperature.  A  record  of  the  test  article  was  maintained 
which  included  date  of  receipt,  identification  numbers  of  each 
cylinder,  and  the  date  and  study  number  for  which  it  was  used. 


4.2.2.  Inhalation  Exposure  Facility 


The3  rats  were  exposed  to  the  test  atmosphere  in  seven  identical 
l~m  -sized  stainless  steel  inhalation  chambers  operating  at  an 
airflow  rate  of  500  L/min.  The  five  chambers  used  for  exposure 
to  RP/BR  aerosol  and  the  two  filtered  air  control  chambers  were 
located  in  separate  rooms. 

The  inhalation  exposure  chambers  were  equipped  with  air  flow  and 
differential  pressure  controls,  conditioned  air  supply  and 
chamber  air  exhaust  systems,  red  phosphorus/butyl  rubber 
extrusion-combustion  generators  and  various  aerosol  monitoring 
systems. 


Supply  air  to  the  inhalation  exposure  laboratory  was  conditioned 
by  passing  through  particulate  prefilters,  charcoal  filters  and 
an  air  conditioning  unit.  Automatically  controlled  heating  and 
humidifying  units  built  into  the  supply  air  system  maintained  the 
air  temperature  and  RH  at  the  specified  ranges  of  24  to  27°C  and 
40  to  60  percent,  respectively.  Prior  to  entering  the  exposure 
chambers  the  conditioned  air  was  further  filtered  through  a 
fiberglass  coarse  filter,  a  HEPA  filter  and  a  charcoal  bed. 


The  combined  exhaust  air  fr 
through  a  single-housing, 
exhausted  above  the  roof 
corrosion  the  filter  hous 
The  control  chamber  exhau 
experimental  test  chambers 
the  RP/BR  aerosol.  The  n 
filter  loading  were  monitoro 
Chamber  airflow  rates  were 
differential  across  a  cal ibr 


om  the  exposure  chambers  was  filtered 
30-element  coalescent  filter  and 
of  the  building.  To  prevent  acid 
ing  was  built  of  polyvinyl  chloride, 
st  was  independent  from  that  of  the 
to  avoid  potential  contamination  from 
egative  chamber  pressures  and  exhaust 
d  using  differential  pressure  gauges. 

determined  by  measuring  the  pressure 
ated  in-line  orifice  meter. 


The  aerosol  was  generated  using  specially-designed  hydraulic 
extrustion-eombustion  generators  provided  by  the  Sponsor  through 
ORNL.  The  generator  operated  by  exerting  hydraulic  pressure  on  a 
drive  piston  which  compacted  the  RP/BR  into  a  delivery  cylinder, 
forcing  the  material  to  extrude  from  a  smaller  diameter  orifice 
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into  a  burn  chamber  where  it  was  ignited.  The  aerosol,  resulting 
from  the  combustion  process,  was  transported  either  directly  into 
the  exposure  chamber  inlet,  or,  to  achieve  lower  concentrations, 
through  an  aerosol  dilution  system.  At  a  constant  chamber 
airflow  rate  the  aerosol  mass  concentration  was  a  function  of  the 
extrusion  rate  of  the  RP/BR,  which  was  controlled  using  a 
precision  hydraulic  metering  pump. 

To  attain  the  lower  concentrations  (0.05,  0.18  and  0.30  mg/L) 
used  in  the  second  subchronic  study,  an  aerosol  dilution  system 
was  used.  A  schematic  diagram  of  the  design  is  shown  in  Figure 
1.  The  system  consisted  of  a  slip  stream  section,  for  controlled 
removal  of  a  portion  of  the  original  high-concentration  generator 
effluent,  and  a  dilution  section  which  provides  the  necessary 
make-up  air.  The  two  sections  were  connected  by  a  smaller 
diameter  inner  tube.  The  original  aerosol-laden  carrier  stream 
entered  the  system  at  PI  and  was  reduced  in  volume  by  directing  a 
portion  of  the  aerosol  flow  to  the  exhaust  through  valve  VI. 
Filtered  dilution  air  entered  the  dilution  section  through  V2 . 
The  pressure  at  P2  was  slightly  less  than  at  PI,  so  that  the 
remaining  aerosol  carrier  stream  was  aspirated  through  the  inner 
connecting  tube  and  dynamically  diluted  in  the  next  section.  The 
required  dilution  ratio  was  achieved  by  balancing  the  flow  rate 
of  the  aerosol  through  the  inner  tube  with  that  of  the  filtered 
air  through  the  dilution  section.  Aging  of  the  aerosols  was  not 
a  problem  as  the  original  undiluted  aerosol  flow  rates  and 
velocities  were  maintained  throughout  the  system. 


4.2.3.  Aerosol  Monitoring 


The  RP/BR  aerosol  mass  concentration  was  determined  three  times 
in  each  chamber  during  the  2.25  hr  exposure  periods  by 
gravimetric  filter  collection.  In  addition,  the  aerosol 
concentration  levels  were  continuously  monitored  in  real-time 
using  light-scattering  photosensors  equipped  with  strip  chart 
display  of  the  amplifier  signal  outputs.  An  integrated  average 
of  the  photosensor  reading  was  recorded  simultaneously  with  the 
gravimetric  filter  sample  collection.  Aerosol  particle  size  was 
determined  with  a  Quartz  Crystal  Microbalance-based  cascade 
impactor  (QCM) .  The  particle  size  was  monitored  in  each  chamber 
once  on  each  exposure  day.  Determination  of  total  phosphorus  was 
conducted  by  spectrophotometr ic  analysis  of  one  solubilized 
filter-collected  sample  per  chamber  per  exposure  week.  All 
collected  filters  were  recorded  and  stored  in  sealed  containers 
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FIGURE.  1.  SCHEMATIC  DIAGRAM  OF  AEROSOL  DILUTION  S 


until  submitted  for  chemical  analysis.  Oxygen  levels,  supply  air 
temperature  and  RH  were  monitored  daily.  These  inhalation 
exposure  facilities  and  aerosol  monitoring  methods  have  been 
described  in  more  detail  in  the  Phase  I  Report  of  this  project. 


4.3.  BIOLOGICAL  ENDPOINT  ASSAYS 


In  the  following  sections  the  experimental  methodology  is 
described  for  all  assays.  Information  on  the  -umber  of  rats  used 
for  each  assay  is  provided  in  the  sub;  .juent  section  on 
"Experimental  Design". 


4.3.1.  Pulmonary  Response  Parameters 

35 

4. 3. 1.1.  Pulmonary  Bactericidal  Activity  to  S-K.  pneumoniae 

Aerosols  of  ^S-Klebsiella  pneumoniae  disseminated  with  a  Retec 
X-70  disposable  nebulizer  were  used  for  the  bactericidal  activity 
assay,  using  a  method  previously  described  for  mice  (Aranyi  et 
al. ,  1983)  and  adapted  for  rats.  Radiolabeled  K.  pneumoniae  were 
grown  in  a  medium  in  which  the  sulfate  requirement  of  the 
bacteria  was  provided  by  i  5S)  sodium  sulfate.  Before 
aerosolization,  the  bacteria  were  washed  repeatedly  and 
centrifuged  for  removal  of  unattached  radiolabel.  Bacterial 
counts  were  determined  in  a  Petrof f-Hausser  counting  chamber  by 
dark-field  microscopy  and  by  the  culture  plate  technique. 
Radioactive  counts  were  measured  in  a  Mark  III  Liquid 
Scintillation  System  (Tracor  Inc.). 

The  radioactive  bacterial  aerosol  exposure  chamber,  installed  in 
a  glove  box  consisted  of  an  87-liter  main  compartment  (adequate 
for  exposure  of  30  rats)  that  was  accessible  through  appropriate 
airlocks  through  which  the  animals  were  moved.  An  additional 
small  airlock  provided  entry  into  the  glove  box  for  the 
nebulizers  and  impingers.  To  prevent  radioactive  and  pathogenic 
exposure  hazard  to  laboratory  personnel,  all  air  exhausted  from 
the  chamber  was  passed  first  through  an  absolute  filter  placed 
within  the  glove  box  and  subsequently  through  a  HEPA  filter 
located  on  the  outside. 

Pulmonary  bactericidal  activity  was  determined  in  the  lungs  of 
the  individual  animals  from  both  exposed  and  control  groups  that 
simultaneously  inhaled  aerosols  of  the  viable  radiolabeled 
bacteria.  The  ratio  of  the  viable  bacterial  counts  to  the 
radioactive  counts  in  each  animal's  lungs  provided  the  rate  at 
which  bacteria  were  destroyed  3  hr  after  infection.  Thus, 
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%  Bactericidal  activity  =  (1-  -  )  100 


where  R~  is  the  ratio  of  bacterial  to  radioactive  counts  in  the 
lungs  of S individual  rats  at  3  hr,  and  K  is  an  average  determined 
from  the  same  ratios  in  the  lungs  8f  rats  killed  immediately 
after  inhaling  the  bacteria. 


Thus  some  of  the  rats  designated  for  the  bactericidal  activity 
assay  are  killed  immediately  after  the  bacterial  challenge  for 
determination  of  the  K  ratio,  i.e.  the  ratio  of  viable  bacterial 
counts  to  the  radioac?ive  counts  at  time  0.  Unlike  the  animals 
that  are  held  for  3  hr  (and  used  in  the  calculation  of  R,),  the 
0-hr  animals  are  only  used  as  a  factor  in  the  calculations  and 
therefore  are  not  included  in  the  computation  and  statistical 
evaluation  of  percent  bactericidal  activity.  In  addition,  in  a 
few  cases,  contamination  on  the  bacterial  plates  may  prevent 
evaluation  of  the  viable  counts  and  calculation  of  bactericidal 
activity  for  a  given  animal.  Thus  the  n  which  appears  in  the 
tables  of  the  "Results"  section  is  not  always  the  same  as  the 
number  of  rats  designated  for  bactericidal  activity  in  the 
following  "Experimental  Design"  section. 


4. 3. 1.2.  Pulmonary  Free  Cells  and  Lavage  Fluid 


Within  4  hr  or  14  days  after  the  last  exposure,  alveolar 
macrophages  (AM)  were  obtained  by  tracheobronchial  lavage.  The 
rats  were  weighed,  killed  with  an  overdose  of  sodium 
pentobarbital  by  intraper itoneal  injection,  and  the  lungs  were 
lavaged  through  a  blunted  18  g  needle  inserted  into  an  incision 
in  the  trachea  with  nine  consecutive  6-ml  infusions  of  warm 
saline.  The  AM  were  collected  from  the  lavage  fluids  by 
centrifugation  and  resuspended  in  Hanks'  balanced  salt  solution 
(HBSS).  The  supernatant  was  saved  for  protein  determination  in 
the  lavage  fluid. 

Cell  Counts .  Total  cell  counts  were  made  in  a 
hemocytometer .  For  determination  of  the  cellular 
distribution  (i.e.,  percent  of  AM,  polymorphonuclear 
leukocytes  and  lymphocytes),  differential  counts  were 
made  on  cytocentr ifuge  preparations  of  cells  fixed  in 
methanol  and  stained  with  Wright's  stain. 

Cellular  adenosine  triphosphate  (ATP )  levels  were 
dete rmined  as  previouslydescribed  (Aranyi  et  al ,  1981) 
using  a  DuPont  760  Luminescence  Biometer  with  the 
procedure  recommended  for  the  instrument.  The  assay  is 
based  on  the  principle  that  when  a  microsample  containing 
ATP  is  injected  into  a  suitably  buffered  reaction  mixture 
of  luciferase  and  luciferin,  the  peak  intensity  of  the 
resulting  light  flash  is  directly  proportional  to  the 
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concentration  of  ATP.  ATP  was  extracted  from  aliquots  of 
the  cell  suspension  cells  by  dimethyl  sulfoxide  (DMSO). 
The  DMSO  extracts  were  diluted  with  a  specially  prepared 
0.01  M  morpholinopropane  sulfonic  acid  (MOPS)  buffer  to 
overcome  the  quench  effect  of  the  high  concentration  of 
DMSO  in  the  aqueous  extract  for  the  luci fe rase-luci f er in 
reaction . 


Phagocytosis.  An  ij}  vitro  phagocytosis  assay  which 
measures  the  ability  of,.rat  AM  to  engulf  xr-labeled 
chicken  red  blood  cells  ( 51CR~CRBC)  was  used  (Smialowitz 
et  a^,  1984).  AM  lavaged  from  the  lungs  of  exposed  or 
control  rats  were  adjusted  to  1x10°  AM/ml  in  media 
containing  the  maximum  subagglutinating  dilution  of  anti- 
CRBC  antiserum  and  three  0.5  ml  samples  were  placed  in 
12x75  mm  sterile  polypropylene  tubes.  ^Cr-CRBC  at  a 
10:1  of  CRBC  to  AM  ratio  are  added  in  50  ul  volumes  to 
each  tube.  The  assay  tubes  were  placed  in  carrier  tubes 
to  guard  against  possible  radioactive  leakage  and 
incubated  for  1  hr  on  a  tube  rotator  in  a  37°C  CO- 
incubator.  After  incubation,  the  tubes  were  centrifuged 
and  spontaneous  release  counts  were  made  on  the  collected 
supernatants.  The  pellets  were  then  resuspended  in 
lysing  buffer  to  lyse  any  nonengulfed  cr-CRBC.  The 
cell  suspensions  were  centrifuged  one  more  time,  the 
supernatants  discarded,  and  the  AM-associated  'cr-CRBC 
were  counted  in  the  pellets  in  a  gamma  counter  (Tracor 
Inc )  . 


Total  cellular  protein.  For  determination  of  total 
cellular  protein  content,  aliquots  of  the  cell 
suspensions  were  treated  with  1  percent  sodium 
deoxycholate  (SDC)  and  assayed  by  the  Lowry  method  (Lowry 
et  al ,  1951). 

Lavage  fluid  proteins .  Lavage  fluids  were  assayed  for 
protein  with  the  Lowry  method  without  SDC  treatment. 

Ectoenzyme  Activity .  Alveolar  macrophage  plasma  membrane 
ectoenzyme  activities  were  determined  on  aliquots  of  AM 
lysates.  Approximately  2.5x10°  AM  per  rat  were  lysed  in 
0.05  percent  Triton  X-1CS0  and  frozen  until  used. 

o  Leucine  aminopeptidase  ( LAP )  activity  was  determined 
according  to  tne  method  of  Morahan  (1981).  The  AM 
lysate  was  placed  in  pH  7.5  phosphate  buffer  and 
incubated  for  15  min  at  37°C  with  10  mM  leucine  p- 
nitro-anilide  substrate.  The  amount  of  p-nitroaniline 
released  was  measured  at  405  nm  with  a 
spectrophotometer . 

o  Alkal ine  phosphodi e ste rase  ( APDl ) .  An  aliquot  of  AM 
lysate  was  mixed  with  Sorenson's  glvcine  II  Buffer  (pH 
9.6)  and  incubated  30  min  at  37°C  to  measure  APDl 
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activity  according  to  the  method  of  Edelson  and  Gass 
(1981).  The  release  of  p-ni trophenol  by  APDl  was 
quantitated  by  measuring  optical  density  at  400  nm  in 
a  spectrophotometer. 

o  5 ' -Nucleotidase  ( 5 1 ’ -N )  activity  was  measured  according 
to  the  procedure  of  Edelson  and  Duncan  (1981).  The  AM 
lysate  was  mixed  with  pH.  9.0  Tris-HCl  buffer  and 
incubated  with  25  nCi  5 ' l  n ] -AMP/ml ,  0.15  mM  5' -AMP 
and  6  mM  p-ni trophenylphosphate  for  30  minutes  at 
37°C.  The  amount  of  tritiated  5-'AMP  hydrolyzed  was 
measured  with  a  liquid  scintillation  counter. 

For  calculations  of  ectoenzyme  activities,  the  protein 
concentration  of  each  AM  lysate  was  determined  according 
to  the  method  of  Bradford  (Edelson  and  Duncan,  In  Methods 
for  studying  mononuclear  phagocytes,  AcademTc  Press, 
1981,  pp.  339-343).  Dilutions  of  AM  lysates  were  mixed 
with  Bio-Rad  Protein  Assay  Dye  Reagent  and  the  optical 
density  read  at  595  nm  in  a  spectrophotometer.  Protein 
concentrations  of  AM  lysates  were  obtained  by  comparing 
O.D.  values  with  samples  of  known  protein  concentration 
using  reverse  linear  regression. 

Expression  of  data ;  .Bactericidal  activity  was  expressed  as  the 
percent  of  inhaled  '’s-K^  pneumonia  killed  in  the  lungs  3  hr 
after  challenge  (%  BC).  Total  cells  counts  were  expressed  as 
number  of  cells  x  10°per  rat  or  as  total  cells  x  10J  per  g  body 
weight  (Totcell/g  BW).  The  relative  macrophage  portion  of  the 
differential  cell  counts  was  expressed  as  %  macrophages. 
Cellular  protein  content  was  reported  as  ug  proteig  per  10^ 
cells.  Cellular  ATP  content  was  expressed  as  ATP  fgxl0°  peg.103 
cells  and  as  ATP  fgxlO°  per  ug  protein.  Phagocytosis  of  ACr- 
CRBC  was  reported  as  the  mean  radioactive  count  (CPM).  Lavage 
fluid  protein  was  expressed  as  total  ug  protein  recovered  per  g 
body  weight.  The  specific  activity  of  each  of  the  ectoenzymes 
ALAP,  APDl  and  5'-N)  was  expressed  as  units  of  specific  activity 
(SA)  where  SA  equals  nmoles  substrate  hydrolyzed/mi n/mg  protein. 
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4.3.2.  Neurobehavioral  Activit 


Subsets  of  the  rats  were  tested  behaviorally  on  the  day  of  the 
last  exposure.  Separate  groups  of  rats  were  evaluated  for 
recovery  of  behavioral  indices  8  weeks  after  the  last  exposure. 
The  behavioral  indices  considered  were  fore-  and  hindlimb  grip 
strength  and  locomotor  activity  as  measured  in  a  figure-eight 
maze.  The  tests  were  administered  in  the  order  listed  above. 


4. 3. 2.1.  Locomotor  Activity 


The  apparatuses  for  locomotor  activity  measurements  were  two 
figure-eight  mazes  (Digiscan  Animal  Activity  Monitors,  Omnitech 
Electronics,  Columbus,  OH)  with  an  eight-channel  printout  counter 
(Datalogger  8000,  Omnitech).  in  the  figure-eight  maze,  activity 
is  measured  as  photobeam  interruptions  for  8  sets  of  photobeam¬ 
sensor  combinations  spaced  through  the  arms  of  the  maze.  Each 
animal  was  placed  individually  in  the  figure-eight  maze  for  a 
period  of  20  min  and  an  interim  count  was  printed  after  the  first 
10  min.  Thus,  the  three  activity  counts  analyzed  were  expressed 
as:  activity  for  the  first  10  min,  activity  for  the  second  10 
min  and  activity  for  the  total  20  min. 


4. 3. 2. 2.  Fore-  and  Hindlimb  Grip  Strength 


The  apparatus  and  procedures  for  fore-  and  hindlimb  grip  strength 
were  as  described  by  Meyer  et  al  (Neurobehav.  Toxicol.  1,  233, 
1979).  Briefly,  this  test  employed  pull-push  strain  gauges 
(Chatillon,  Models  DPP-1.0  kg  and  DPP-2.5  kg,  J.A.  King, 
Greensboro,  NC )  to  measure  the  grip  force  of  the  fore-  and 
hindlimbs.  The  animal  was  placed  in  a  trough  and  allowed  to  grip 
with  its  forepaws  a  triangular  grasping  ring  which  was  attached 
to  the  forward-mounted  strain  gauge.  The  animal  was  steadily 
pulled  by  the  tail  away  from  the  ring  until  the  grip  was  broken. 
Pulling  was  continued  until  the  hindlimbs  grasped  a  T-bar  mounted 
on  a  second  strain  gauge  behind  the  trough,  and  further  continued 
until  the  grip  of  the  hindpaws  on  the  T-bar  was  broken.  The 
animal  received  three  consecutive  trials  and  fore-  and  hindlimb 
grip  strength  (grams  force)  was  recorded  from  the  forward  and 
rear  strain  gauges.  The  fore-  and  hindlimb  grip  strength  scores 
for  each  animal  were  derived  by  averaging  the  results  of  the 
three  trials. 
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4.3.3.  Standard  Toxicology 


4. 3. 3.1.  Mortality,  Clinical  Observations,  Body  Weights  and 
Food  Consumption 


All  animals  were  observed  daily  in  the  morning  for  survival, 
physical  appearance,  behavior  and  any  pharmacologic  and/or 
toxicologic  signs.  All  observations  were  recorded  on  an 
individual  test  animal  basis.  In  addition  afternoon  survival 
checks  were  performed. 

Each  animal  was  weighed,  using  a  Mettler  PE  1600  balance  with  a 
special  animal  weighing  mode,  at  the  time  of  test  animal 
selection,  at  the  initiation  of  the  study,  weekly  thereafter  and 
prior  to  the  last  exposure.  For  the  rats  designated  for  recovery, 
the  body  weights  were  recorded  at  the  aforementioned  time  points 
and  continued  weekly  until  study  termination. 

During  the  first  study  average  food  consumption  (FC)  was  measured 
for  individual  rats  over  24-hr  periods  every  four  weeks  (Weeks  4, 
8,  12,  and  during  the  recovery  period  at  Test  Weeks  16  and  20) 
for  animals  designated  for  general  toxicology  (TOX)  endpoint 
parameters  in  the  protocol. 

4. 3. 3. 2.  Necropsy  and  Histopathology 


Rats  were  killed  with  sodium  pentobarbital  and  exsanguinated  from 
the  abdominal  aorta,  either  following  13  weeks  of  exposure  or 
after  8  weeks  of  recovery  following  the  exposures,  and  necropsied 
under  the  supervision  of  the  staff  pathologist.  (Interim 
p  necropsies  were  conducted  following  2  and  4  weeks  of  exposure  on 

6  rats  each  of  the  medium  and  high  dose  and  control  groups  in  the 
first  study  only  to  explore  the  onset  of  pulmonary  fibrosis.) 
The  necropsy  procedure  included  a  thorough  examination  and 
dissection  of  the  animal  viscera  and  carcass  and  collection  and 
fixation  of  all  major  tissues  in  10%  neutral  buffered  formalin 
(NBF).  All  tissues  and/or  organs  were  examined  in  situ  before 
dissection  from  the  carcass  for  individual  examination.  Tongue, 
trachea,  lungs  and  pulmonary  lymph  nodes  were  removed  intact. 
The  lungs  and  nasal  passages  were  infused  with  and  subsequently 
submersed  in  NBF.  Tissues  were  fixed  not  less  than  48  hours 
prior  to  trimming. 

Tissue  trimming  (wet  sectioning)  was  performed  at  IITRI  under  the 
supervision  and  direction  of  the  staff  pathologist.  Organs  were 
trimmed  to  allow  the  largest  surface  area  possible  for 
examination.  Each  lung  lobe  was  sectioned  along  its  main 
bronchus.  Both  a  cross  section  and  a  longitudinal  section  of  the 
trachea  were  made.  Two  transverse  sections  of  the  skull  through 
the  nasal  turbinates  were  made  at  the  incisor's  and  the  palatal 
ridge  level. 
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Fo r  all  24  designated  animals  of  the  terminal  (12)  and  recovery 
(12)  groups  of  the  first  study  and  all  animals  found  dead  or 
killed  in  a  moribund  state  the  following  tissues  and/or  organs 
were  microscopically  examined:  larynx,  trachea,  pulmonary  lymph 
nodes,  each  lobe  of  the  lungs,  and  two  levels  of  the  nasal 
turbinates.  in  addition  esophagus,  heart,  liver,  kidneys, 
adrenals,  duodenum,  eyes,  stomach,  urinary  bladder  and  testes 
were  processed  for  all  terminal  and  recovery  animals  from  the 
control  and  the  1.2  mg/L-treatment-groups.  For  rats  killed  in 
the  interim  necropsies  after  2  and  4  weeks  of  exposure,  only  the 
lungs  were  processed  and  examined. 

For  the  second  study  the  necropsy  procedure  included  examination 
and  collection  of  the  following  tissues  from  20  rats  designated 
for  pathology:  tongue,  larynx,  trachea,  thyroids/parathyroids, 
lungs  with  respiratory  lymph  nodes,  thymus,  nasal  turbinates, 
heart,  kidneys,  liver,  brain,  gross  lesions  and  tissue  masses. 

The  following  tissues  and/or  organs  were  examined 
microscopically:  Each  lobe  of  the  lungs  with  pulmonary  lymph 
nodes  and  gross  lesions  were  prepared  for  all  20  necropsied 
animals  per  treatment  group.  In  addition,  the  trachea  and  one 
transverse  section  of  the  skull  through  the  nasal  turbinates  (at 
the  palatal  ridge  level)  were  examined  in  10  selected  animals 
(even  numbered)  per  concentration  and  time  point. 

Tissues  in  paraffin  blocks  were  submitted  to  Experimental 
Pathology  Laboratories  Inc.  (EPL),  Decatur,  IL  where  hematoxylin 
and  eosin  stained  sections  were  prepared  and  examined.  Selected 
specimens  from  lung  tissue  were  also  examined  by  Masson's 
trichrome  stain  for  demonstration  of  collagen  fiber  formation. 


4.4.  STATISTICAL  METHODS 


Two  general  statistical  approaches  to  the  analysis  of  these  data 
were  taken.  In  terms  of  BC  activity,  a  three  factor  mixed-model 
analysis  of  variance  was  performed.  The  fixed  effects  in  this 
design  were  concentration  (with  4  levels)  and  recovery  (with  two 
levels)  and  the  random  factor  was  replication;  hence  the  term 
"mixed-model".  In  the  presence  of  a  significant  main  effect  of 
concentration  or  concentration  by  recovery  interaction,  post  hoc 
comparisons  were  made  using  Dunnett's  test.  Per  cent  BC  data 
were  natural  log  transformed  prior  to  analysis  to  better 
approximate  the  assumed  normality  of  these  data. 

The  same  statistical  approach  was  used  for  the  analysis  of 
continuous  pulmonary  response  parameters  (i.e.  ATP,  % 
macrophages,  total  cell  counts,  lavage  fluid  protein, 
phagocytosis  and  macrophage  enzyme  activities  LAP,  APDl ,  and  5'N) 
and  neurobehavioral  activity  parameters  (i.e.  activity  in  first 
10  minutes,  second  10  minutes  and  total  activity,  and  fore  leg 
and  hind  leg  grip  strength).  These  data  were  similarly 
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transformed  to  better  approximate  the  assumed  normality  of  the 
statistical  test. 

In  terms  of  the  repeated  body  weight  measurements,  a  so-called 
growth  curve  model  (Bock,  1975)  was  used  to  examine  the  effect  of 
concentration  on  the  rate  of  body  weight  gain  over  time. 

In  the  presence  of  a  significant  main  effect  or  interaction,  post 
hoc  comparisons  were  conducted  using  Dunnett's  test. 


4.5.  EXPERIMENTAL  DESIGN 


The  design  for  the  two  subchronic  studies  was  finalized  in 
consultation  between  the  Principal  investigator,  Dr.  R.  Finch, 
COTR,  Dr.  M.  Henry,  former  COTR,  and  Dr.  R.  Gibbons,  IITRI's 
consultant  biostatistician.  Dr.  William  Iverson,  consultant 
veterinary  pathologist  participated  in  the  design  of  the  second 
study. 

The  experimental  design  and  the  exposure  conditions  for  the  first 
subchronic  study  were  developed  based  upon  the  results  of  the 
Phase  III  studies  and  included  exposures  for  2.25  hr/day  on  four 
consecutive  days  per  week  for  a  period  of  13  weeks  to  0.30,  0.75 
and  1.20  mg/L  ( C, ,  C2  and  C3)  of  RP/BR  aerosol,  or  for  controls 
exposure  under  tne  same  conditions  to  filtered  air  (CQ).  The 
experimental  endpoints  selected  for  evaluation  of  the  effects 
after  13  weeks  of  exposure  and  for  the  C2,  C3  and  Cq  treatment 
groups  after  an  8-week  recovery  period  Included  standard 
toxicologic  observations  (body  weights,  food  consumption,  overall 
observations),  histopathology  of  the  lungs  and  other  major 
organs,  examination  of  the  pulmonary  free  cells  collected  from 
the  lungs  by  lavage,  measurement  of  in  vivo  pulmonary 
bactericidal  activity  and  evaluation  of  neuroEehavioral  activity 
parameters.  The  biological  and  statistical  evaluation  of  these 
studies  were  expected  to  provide  information  on  the  no-measurable 
effect  level  for  the  RP/BR  exposures. 

The  results  of  these  studies  demonstrated  that,  although  changes 
in  several  of  the  parameters  examined  could  be  seen,  the  most 
consistent  effects  were  the  terminal  bronchiolar  fibrosis  found 
in  the  lungs  of  all  RP/BR  treatment  groups  including  the  recovery 
groups  and  the  significant  depression  in  pulmonary  bactericidal 
activity  to  inhaled  3 S - Klebsiella  pneumoniae  measured 
immediately  after  the  exposures" to  all  RP/BR  levels. 

A  second  subchronic  study  therefore  was  conducted  to  determine 
the  no-measureable  effect  level  in  the  most  sensitive  response 
parameters.  Three  aerosol  concentrations,  0.05,  0.18  and  0.30 
mg/L,  were  selected  (repeating  the  lowest  concentration  from  the 
first  study  as  the  highest  in  the  second)  to  examine  the  fibrotic 
changes  in  the  lungs  and  the  changes  in  pulmonary  bactericidal 
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activity  after  a  13-week  exposure  as  well  as  after  an  6-week 
recovery  period.  The  frequency  and  duration  of  the  exposures 
were  maintained  as  in  the  first  study  at  2.25  hr/day  on  four 
consecutive  days/week. 

The  specific  experimental  design  parameters  selected  for  the  two 
studies  are  described  in  the  following: 


4.5.1.  Experimental  Design  Parameters  For  Both  Studies: 


Animals :  Male  rats  only 

Exposure  duration  frequency  and  period:  2.25  hr/day  on  4 
consecutive  days  per  week  7TZ  of" 'pRase  III)  for  a  period 
of  13  weeks  followed  for  selected  groups  by  8  weeks  of 
recovery . 


4. 5. 1.1.  Experimental  Design  Parameters  for  the  First  Study 


Three  RP/BR  aerosol  concentrations 
(C2),  1.20  mg/L  (C^)  and  filtered 


Biological  endpoints :  In  vivo  pulmonary  bactericidal 
a'ctiv  lty  ( BC )  ;  Lavage  :  pulmonary  free  cell  and  lavage  fluid 
parameters  (LAV);  neurobehavioral  activity  tests  (DEH); 
general  toxicology:  clinical  observations,  body  weights, 
food  consumption  (TOX);  morphological  pathology  (PATH). 

Numbe r  of  animals ;  Thirty-six  or  32  (recovery)  rats  per 
treatment  group  were  assigned  for  BC  and  24  for  LAV.  Twenty- 
four  animals  from  each  treatment  group  were  assigned  to  be 
used  jointly  for  BEH,  food  consumption  (TOX)  and  12  of  these 
were  randomly  selected  for  PATH.  Not  all  endpoints  were 
measured  in  all  treatment  groups.  (See  following  "Assay 
Schedule".)  All  animals  under  test  (612  initially)  were 
examined  for  the  TOX  endpoints  of  clinical  observations  and 
body  weights,  whereas,  as  stated  above,  food  consumption  was 
determined  on  24  animals  per  treatment  group. 

Assay  Schedule :  Biological  endpoints  were  tested  within  24 
Fr  after  the  last  exposure  and  for  selected  treatment  groups 
after  an  8-week  recovery  period  (R)  as  follows: 
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4. 5. 1.2.  Experimental  Design  Parameters  for  the  Second  Study 

Exposure  concentrations:  Three  RP/BR  aerosol  concentrations 
0 .05  mg/L  ( C.  )  ,  0.10  mg/L  (C,),  0.30  mg/L  and 

filtered  air  (CQ) . 

Biological  endpoints :  In  vivo  pulmonary  bactericidal 

activity  (BC)  and  morphological  pathology  (PATH) 

Number  of  animals  pe r  treatment  group:  PATH:  20,  BC:  4  2 

Assay  schedule:  Biological  endpoints  were  tested  within  24 

hr  after  tHe"  .„ast  exposure  and  also  after  an  8-week  recovery 
period  (R)  following  the  last  exposure. 

4.5.2.  Execution  of  the  Experimental  Design 


Because  of  the  labor-intensive  nature  of  the  endpoint  assays  for 
the  number  of  rats  required  in  the  experimental  design,  the  13 
weeks  of  exposures  were  staggered  over  a  14-week  period  for  both 
studies.  In  the  first  study,  post  exposure  assays  were  conducted 
on  the  days  of  the  last  exposures  for  BC,  LAV  and  BEH,  whereas 
PATH  was  done  the  day  following  the  last  exposures.  Recovery 
experiments  were  conducted  0  weeks  (56  days)  after  the  last 
exposure  for  LAV  and  BEH  and  57  days  after  the  last  exposure  for 
BC  and  PATH. 


V 

4 

5T 


Although  not  included  in  the  experimental  design,  due  to  an 
error  in  animal  distribution  logistics  on  one  of  the 
experimental  endpoint  assay  days  following  the  recovery 
period,  a  C~-t r eatment-gr oup  (from  the  additional  RP/BR- 
exposed  animals  that  were  available)  was  submitted  to  and 
consequently  tested  for  BEH,  thus  resulting  in  an  unplanned 
C0(R)  BEH  group. 
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In  the  second  study,  half  of  the  animals  for  each  parameter  were 
exposed  to  CQ,  C.,  C~,  ahd  C.,  in  the  early  morning  and  the  other 
half  in  the^late  morning.  fFor  explanation  of  this  arrangement 
see  Section  5.1.  "Experimental  test  atmosphere".)  Post  exposure 
experiments  were  conducted  on  the  days  of  the  last  exposures  for 
BC  and  necropsies  (PATH)  were  done  on  the  day  following  the  last 
exposures.  Recovery  experiments  were  conducted  8  weeks  (56  days) 
after  the  last  exposure  for  PATH  and  57  days  after  the  last 
exposure  for  BC. 

In  addition,  to  utilize  project  personnel  in  conducting  all 
endpoint  experiments  most  efficiently,  on  the  week  of  the 
endpoint  assays  the  four  daily  exposures  were  also  staggered  by 
conducting  them  for  various  treatment-groups  from  Monday  through 
Thursday  and  Tuesday  through  Friday,  respectively.  Details  of 
the  exposure  and  assay  dates  for  the  different  endpoints  and  the 
actual  animal  numbers  assigned  for  each  group  were  summarized  in 
tables  included  in  the  experimental  protocols  filed  with  the 
study  records. 
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5 .  RESULTS 


5.1.  THE  EXPERIMENTAL  TEST  ATMOSPHERE 


The  data  characterizing  the  experimental  test  atmosphere  for  the 
two  subchronic  studies  (high  and  low  concentration  range)  ace 
summarized  in  Tables  1  and  2,  respectively,  and  include  overall 
means  and  standard  deviations  of  mass  concentration,  particle 
size  parameters  and  phosphorous  acid  levels  for  each  chamber. 
For  each  exposure  period,  the  aerosol  mass  concentration  was 
determined  by  collecting  three  20-min  gravimetric  filter  samples 
with  an  integrated  average  of  concurrently  recorded  photosensor 
concentration  measurements.  Aerosol  particle  size  was  determined 
daily  at  each  concentration.  Phosphorous  acids  were  analyzed 
from  one  filter-collected  sample  per  week  for  each  chamber. 
Oxygen  monitored  daily  in  each  chamber  was  consistently  21%, 
Temperature  and  RH  of  the  air  supply  were  maintained  at  24-27°C 
and  40-60%,  respectively. 

The  RP/BR  aerosol  exposures  were  conducted  at  target 
concentrations  of  0.30,  0.75  and  1.20  mg/L  in  the  first  (Study 
Number  80)  and  at  0.05,  0.10  and  0.30  mg/L  in  the  second  (Study 
Number  82)  subchronic  study  for  2.25  hr/day  on  four  consecutive 
days/week  (Mondays  through  Thursdays)  for  periods  of  thirteen 
weeks . 

In  the  first  study,  rats  were  exposed  to  the  RP/BR  aerosol  in 
five  chambers.  One  chamber  was  used  at  the  0.30-mg/L-,  and  two 
each  at  the  0.75-  and  1.20-mg/L  levels  and  for  the  f iltered-ai r- 
exposed  controls.  The  additional  chambers  vrere  needed  because  of 
the  space  requirements  for  the  additional  animals  included 
according  to  the  experimental  protocol  in  these  three  treatment 
groups  (C2,  Cj  and  CQ)  for  the  recovery  studies. 

The  lower  concentrations  of  0.05,  0.18  and  0.30  mg/L  of  RP/BR 
used  in  the  second  study  were  produced  by  using  an  aerosol 
dilution  system  on  three  chambers  as  previously  described  (see 
Methods).  In  this  study,  recovery  groups  were  included  for  all 
three  aerosol  exposure  concentrations,  as  well  as  the  filterod- 
air  controls.  Since,  again,  it  was  not  possible  to  accommodate 
the  total  number  of  rats  required  at  each  concentration  level  in 
one  chamber  and  since  only  one  dilution  system  was  available  for 
each  target  concentration,  it  was  necessary  to  conduct  two  2.25- 
hr  exposures  daily  in  each  chamber.  The  first  exposure  was 
started  at  approximately  8:45  A.M,  and  the  second  around  11:30 
A.M.  immediately  following  completion  of  the  first. 

Thus,  means  of  the  test  atmosphere  characterization  data  were 
calculated  from  the  daily  means  for  five  chambers  in  the  first 
study  (one  at.  0.30  and  two  each  at  0.7  5  and  1  ,  20  mg/L).  in  the 
second  (low  concentration)  study,  two  overall  daily  means  were 
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calculated  for  each  of  the  three  target  concentrations  measured 
in  the  three  chambers  for  the  two  sequential  exposures. 

To  accommodate  the  experimental  design  defined  in  the  protocols 
with  their  extensive  labor  and  animal  requirements  for  the 
endpoint  assays,  the  animals  were  divided  into  appropriate 
subgroups  and  the  13-week  exposures  were  staggered  over  j'4-week 
periods.  In  both  studies  at  each  target  concentration  all  days 
of  exposure  chamber  operation  were  used  in  the  calculation  of  the 
overall  concentration  means.  Therefore  the  number  of  daily  means 
for  mass  concentration  in  Tables  1  and  2  reflects  the  total 
number  of  days  each  of  the  chambers  were  used  for  exposures 
during  each  study. 

The  data  shown  in  the  tables  indicate  that  the  target 
concentrations  were  well  maintained  at  each  of  the  exposure 
levels  throughout  both  studies.  Close  agreement  between  the 
gravimetric  and  light-scattering  methods  were  demonstrated  at  all 
concentrations.  In  both  studies  the  mean  RP/BR  aerosol  mass 
concentrations  determined  by  the  gravimetric  method  and  by  the 
light-scattering  photosensors  were  within  2.0  and  2.7  percent, 
respectively  of  the  target  values.  Relative  standard  deviations 
of  the  daily  mean  concentrations  were  below  +7.1  percent  in 
every  instance.  The  particle  size  data  indicate  aerosol 
stability  throughout  the  exposures  with  the  MMAD  ranging  from 
0.49  to  0.65  pm,  and  the  mean  geometric  standard  deviations  (ag) 
from  1.56  to  1.83.  Phosphorous  acid  levels  ranged  from  71.4  to 
79.5  percent  throughout  the  two  studies. 


5.2.  PULMONARY  CELLULAR  RESPONSES 


Male  rats  were  exposed  to  filtered  air  or  to  RP/BR  aerosol  at 
concentrations  of  0.30,  0.75  or  1.20  mg/L  (first  study),  or  0.05, 
0.18  and  0.30  mg/L  (second  study)  for  2.25  hr/day,  4  days/week 
for  13  weeks.  Pulmonary  cellular  responses  were  measured  within 
24  hr  after  the  last  exposure  or  after  an  8-week  recovery  period 
following  the  last  exposure.  (Only  control,  medium  and  high- 
concentration  exposure  groups  were  included  in  the  recovery 
groups  of  the  first  study,  whereas  all  groups  were  examined  after 
recovery  in  the  second  study.)  in  the  first  study,  the  endpoints 
included  pulmonary  lavage  parameters  and  pulmonary  bactericidal 
activity.  Thus  the  rats  were  killed,  pulmonary  free  cells  and 
lavage  fluid  were  collected  from  their  lungs  by  tracheobronchial 
lavage  and  a  series  of  assays  were  conducted  on  the  separated 
cells  and  the  lavage  fluid  as  described  in  Section  4. 3. 1.2.  of 
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TEST  ATMOSPHERE  CHARACTERIZATION  DATA  TOR  RP/BR  AEROSOL  CALCULATED  FOR 


"Materials  and  Methods".  Other  rats  from  each  treatment  group 
were  used  for  determination  of  in  vivo  pulmonary  bactericidal 
activity  as  described  in  Section- ? . 3.1.1.  In  the  second  study 
only  the  pulmonary  bactericidal  activity  assay  was  used. 

Statistical  evaluation  of  the  data  of  the  first  study  showed  a 
significant  (p<0.0001)  multivariate  treatment  by  recovery 
interaction  indicating  differing  responses  in  rats  examined 
immediately  after  the  last  exposure  and  in  those  tested  after  an 
8-week  recovery  period.  In  other  words,  generally  there  was  a 
recovery  for  effects  observed  initially  in  pulmonary  cellular 
responses.  Significant  univariate  interactions  were  found  for 
total  cells  (p<0.04),  total  cells/g  body  weight  (p<0.02),  ATP/105 
cells  (p<0.03),  ATP/ug  protein  (p<0.001),  and  the  ectoenzyme 
activities  of  LAP  (p<0.001)  and  5'N  (p<0.001).  In  addition, 
significant  main  effects  of  concentration  were  found  for  total 
cells  (p<0.001),  %  BC  (p<0.001),  total  cells/g  body  weight 

(p<0.003),  %  macrophages  (p<0.001),  ug  protein/105  cells 

(p<0.001),  phagocytosis  (p<0.001),  lavage  fluid  protein  (p<0.05), 
and  the  ectoenzyme  activities  of  LAP  (p<0.005)  and  APDl 

(p<0.001).  Individual  post  hoc  comparisons  were  made 
subsequently  for  all  parameters  with  significant  interactions  or 
main  effects.  Significant  differences  (p<0.05)  obtained  by  post 
hoc  comparisons  of  exposed  to  control  groups  are  indicated  in 
TaBles  3  and  4  showing  the  means  with  associated  standard 
deviations  for  all  pulmonary  response  parameters  examined 

immediately  after  the  last  exposure  and  after  an  8-week  recovery 
period,  respectively. 

A  review  of  these  data  demonstrates  a  significant  dose-r^^ated 
decrease  in  pulmonary  bactericidal  activity  to  inhaled  5S  K. 

fneumoniae  at  all  three  exposure  concentrations  (0.30,  0.75  ancJ 
.20  mg/L)  tested  immediately  after  the  final  exposure  (Table  3). 
Recovery  from  these  effects  was  complete  at  8  weeks  after  the 
last  exposure  (Table  4).  The  data  on  the  pulmonary  cells 

obtained  by  lavage  immediately  after  the  final  exposure  do  not 
show  consistent  changes  (Table  3).  The  total  number  of  freg 

cells  recovered  from  the  lungs  (expressed  as  total  cells  x  10° 
and  as  total  cells  x  10J/g  body  weight)  generally  showed  a 
decreasing  trend  with  significant  decreases  at  the  0.30  mg/L 
RP/BR  level.  The  increases  seen  in  %  macrophages  determined  by 
differential  counts  are  not  considered  biologically  meaningful. 
Significant  increases  in  cellular  ATP  levels,  suggesting  a  change 
in  biochemical  metabolism,  were  found  in  the  AM  lavaged  from  the 
1 . 20-mg/L-exposure  group  when  expressed  as  ATP/cells  and  in  the 
0.30-  and  1 . 20-mg/L-exposure  groups  when  expressed  as  ATP/ 
protein.  Cellular  protein  levels,  phagocytosis,  and  the  protein 
content  of  the  lavage  fluid  showed  only  scattered  changes.  There 
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FIRST  STUDS 

ICTS  Or  EXPOSURES  TO  RP/BR  AEROSOLS  FOR  2.25  HR/DA*  OR  4  CORSECtTTIVE 
DAYS /WEES  FOR  13  WEEKS  OR  PULHORARY  RESPORSE  PARAMETERS  Or  MALE 
SPRASUE-DAWLET  RATS  TESTED  IMMEDIATELY  ArTER  THE  FINAL  EXPOSURE 
(NEAR  ARD  STANDARD  DEVIATION  (HUMBER  OF  ANIMALS)! 
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was  a  significant  decrease  in  cellular  protein  levels  measured 
after  exposure  to  0.75  mg/L  of  the  aerosol.  Although 
significant  main  effect  of  exposure  was  seen  in  phagocytosis  of 
ACr-CRBC,  none  of  the  post  hoc  comparisons  was  significant. 
Lavage  fluid  protein  expressed  as  ug  protein/g  body  weight  was 
significantly  decreased  only  at  the  0 . 30-mg/L-RP/BR  level. 

There  were  occasional  changes  in  the  plasma  membrane-associated 
ectoenzymes  of  AM  obtained  from  RP/BR-exposed  rats.  Decreased 
activities  of  LAP  and  5rN  were  observed  in  rats  that  inhaled  0.75 
or  1.20  mg/L  RP/BR  aerosol,  however,  APDI  activity  was  not 
affected  at  any  of  the  exposure  levels. 

The  results  from  the  studies  conducted  in  the  recovery  groups 
shown  in  Table  4  demonstrate  that  practically  all  of  the  RP/BR- 
induced  changes  in  the  pulmonary  response  parameters  were 
reversible.  The  two  significant  changes  in  total  cell  counts 
were  in  a  treatment  group  (0.75  mg/L)  that  did  not  show  an  effect 
in  the  tests  conducted  immediately  after  the  last  exposure. 
Thus,  cessation  of  exposure  to  RP/BR  for  an  8-week  period  appears 
to  allow  resident  alveolar  macrophages  to  return  to  their  normal 
state . 

Statistical  analysis  of  the  bactericidal  activity  data  obtained 
from  the  second  study  showed  no  main  effects,  and  therefore  post 
hoc  comparisons  were  not  applicable.  The  data  for  post-exposure 
and  the  post-recovery  experiments  are  summarized  in  Table  5.  it 
can  be  seen  that  for  the  0.30  mg/L-treatment  group  tested 
immediately  after  the  last  exposure  there  was  a  considerably 
greater  standard  deviation  than  there  was  in  the  first  study  at 
the  same  exposure  concentration  (See  Table  3).  This  may  explain 
the  fact  that,  whereas  a  significant  decrease  in  bactericidal 
activity  was  observed  after  exposure  to  0.30  mg/L  RP/BR  aerosol 
in  the  first  study,  this  was  not  the  case  in  the  second  study. 
Thus,  the  no-measurable  effect  level  was  <  0.30  mg/L  as 

determined  by  pulmonary  bactericidal  activity,  one  of  the  two 
most  sensitive  indicators  of  the  potentially  adverse  effects  of 
RP/BR  aerosol  inhalation  found  in  our  studies. 


5.3  NEUROBEHAVIORAL  ACTIVITY 


Neurobehavioral  activity  parameters  were  tested  only  in  the  first 
study.  The  only  significant  effect  was  a  decrease  in  hindlimb 
grip  strength  measured  at  the  end  of  the  8-week  recovery  period 
for  the  rats  exposed  to  0.75  mg/L  (Tables  6  and  7).  (This  0.75- 
mg/L-exposure  group  was  not  included  at  all  for  neurobehavioral 
activity  studies  in  the  experimental  protocol  and  the  rats  were 
submitted  for  testing  due  to  an  error  in  logistics.)  Since  only 
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the  0,75  rog/L  recovery  animals  were  used  in  this  non-scheduled 
experiment,  this  effect  is  considered  questionable.  In  addition, 
the  rats  exposed  to  the  higher  concentration  of  1.20  mg/L  showed 
no  performance  decrease  on  the  last  day  of  the  last  exposure  or 
8  weeks  later.  In  contrast  to  the  evidence  from  4-week  exposures 
(Phase  III  Report)  that  locomotor  activity  was  increased  by 
exposure  to  RP/BR  aerosols,  male  rats  exposed  to  the  test 
aerosols  at  0.3  or  1.20  mg/L  for  13  weeks  showed  no  alterations 
in  activity  either  on  the  day  of  exposure  or  8  weeks  later.  -v 

Although  no  final  conclusion  can  be  drawn  as  to  the  basis  for  the 
difference  between  this  study  and  those  conducted  previously, 
several  factors  should  be  mentioned,  in  the  subchronic  study, 
activity  measures  were  made  following,  rather  than  prior  to,  the 
grip  strength  tests.  It  is  possible  that  the  change  in  order  of 
testing  interfered  with  finding  an  effect.  In  the  subchronic 
study,  specifically  with  respect  to  the  second  10-min  of  activity 
testing,  the  within-group  variability  tended  to  be  relatively 
high.  However,  this  was  not  the  case  for  the  first  10-min  of 
testing  and  the  means  across  groups  are  comparable,  suggesting 
that  the  lack  of  effect  in  the  later  study  was  not  due  to  altered 
within-group  variability.  Other  possibilities  are  that  the 
effect  was  adapted  out  with  the  longer  exposure  period  of  the 
subchronic  study  or  that  the  age  of  the  rats  at  the  time  of 
testing  activity  was  critical.  Rats  in  subchronic  study  were 
older  at  the  time  of  testing  due  to  the  longer  exposure  and 
recovery  periods  . 

5.4  STANDARD  TOXICOLOGY  AND  PATHOLOGY  SYNOPSIS1 


5.4.1.  First  Stud 


5. 4. 1.1,  Spontaneous  Deaths  and  Moribund  Sacrifices 


When  male  rats  were  exposed  to  RP/BR  aerosols  as  previously 
described,  a  total  of  22  rats  died  spontaneously  (18)  or  were 
killed  in  a  moribund  state  (4)  prior  to  their  scheduled 
terminations  during  the  first  study  (Table  8).  At  the  1.20-mg/L- 
exposure  level,  10.8%  (19/176)  died  with  one  death  each  after  1, 
2,  11,  30,  35  and  45  exposures,  two  deaths  after  6,  7  and  8 
(moribund)  exposures  and  7  deaths  after  5  exposures  (2  of  the  7 
were  moribund).  In  addition,  one  control  rat  died  after  40 


A  detailed  Pathology  report  from  EPL  with  histopathologic 
incidence  tables  prepared  by  Dr.  W.  Iverson  is  included  in  the 
Appendix . 
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TABLE  0 


DISTRIBUTION  OF  DEATHS  DURING  THE 
FIRST  SUBCHRONIC  STUDY 


Exposure 

Cone. 

mg/L 

Number  2 
of  Rats^ 

Total 
Number 
of  Deaths 

Number  of  Deaths 

Following  (Number  of  Exposures) 

1 . 20 

176 

19 

1(1,2,11,30, 

35,45),*  2(6, 7, 8);  7(5) 

0.75 

176 

1 

UR) 

0.30 

84 

0 

0 

176 

0 

4+ 

1(40);  1(R) 

*There  were  4  consecutive  exposure  days  each  week  over  a  period 
of  13  weeks  followed  by  an  8-week  recovery  period  (R). 

2 

Total  number  exposed  to  that  dose  and  designated  for  all 
biologic  endpoint  determinations  (including  recovery  animals). 
For  details  see  Experimental  Design  in  Section  4. 5. 1.1.  . 
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exposures.  During  the  recovery  period,  one  rat  from  the  0.75- 
mg/L-exposure  group  and  one  from  the  filtered  air  control  group 
died.  Thus  most,  but  not  all,  of  these  22  mortalities  were  from 
the  high-dose  group  and  many  occurred  within  the  first  two  weeks 
of  the"  exposures.  Tissues  from  these  animals  were  submitted 
after  necropsy  to  EPL  for  histopathologic  examination. 

From  these  twenty-two  animals,  those  sixteen  that  died  dw.rng  the 
first  four  weeks  of  the  exposures  prior  to  the  second  interim 
necropsy  had  varying  degrees  of  congestion  and  small  amounts  of 
hemorrhage  in  the  lung  tissue.  Other  lesions  seen  were  similar 
to  those  found  in  the  interim-terminated  animals  (see  Section 
5. 4. 1.3.1.).  No  obvious  cause  of  death  was  apparent  from 
examination  of  the  lungs  from  these  animals. 

From  the  six  animals  which  died  during  the  later  parts  of  the 
study,  four  that  had  been  exposed  to  RP/BR  (three  to  1.2  and  one 
to  0.75  mq/L)  had  terminal  bronchiolar  fibrosis.  The  three  high- 
concentration  (1.20  mg/L)  animals  had  mild  to  severe  erosions  of 
the  laryngeal  mucosa  with  deposition  of  fibrin  on  the  surface. 
These  laryngeal  changes  were  probably  contributory  to  the  death 
of  these  three  animals  (see  also  quoted  statement  of  the  study 
pathologist  in  the  following). 

Since  one  of  the  ten  rats  tested  from  the  quarantine  animals  of 
this  study  had  positive  serum  antibody  titer  to  PVM,  serum 
samples  were  submitted  to  Microbiological  Associates  from  five 
rats  (two  of  those  found  in  a  moribund  state  after  8  exposures  to 
1.20  mg/L  and  listed  above  and  three  rats  from  the  0.75-mg/L- 
exposure  group  that  were  killed  for  this  purpose  without  any 
clinical  signs  of  disease).  All  five  animals  had  highly  positive 
serum  antibody  titers  to  PVM. 

At  this  point  the  question  arose  if  the  PVM  infection  could  have 
contributed  to  the  mortalities,  or  its  presence  cause  more  severe 
morphological  changes,  or  if  it  could  have  been  a  contributing 
factor  to  the  fibrosis  caused  by  the  RP/BR  exposures  (see 
hi stopathology  observations  described  in  following  sections). 
Dr.  w.  Iverson,  Veterinary  Pathologist  in  charge  of  evaluation  of 
the  hi stopathology  in  these  studies  provided  the  following 
opinion:  "Pneumonia  virus  of  mice  (PVM)  is  a  pneumovirus  first 

described  in  1940.  Recent  studies  have  shown  that  it  is  of  low 
transmi ssability ,  even  among  animals  housed  together,  and 
extremely  labile  in  the  environment.  Most  laboratory  rodents, 
including  rats,  are  susceptible.  The  characteristic  lesions 
associated  with  the  virus  are  an  acute  vasculitis  which  develops 
into  patchy  interstitial  pneumonia.  Perivascular  and 
peribronchiolar  accumulations  of  lymphocytes  are  also  present. 
Fibrosis  at  the  terminal  bronchiole,  which  is  the  primary  effect 
of  RP/BR  exposures,  has  not  been  reported  with  PVM  infections. 
Therefore,  the  lesions  produced  by  PVM  infection  are  separate  and 
distinct  from  those  which  were  treatment-related  (Smith,  et  al  .  , 
1984;  Vogtsberger,  et  al.,  1982;  Hunt,  et  ai,  1978). 
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The  combination  o£  lesions  produced  by  PVM  was  also  not  present 
in  the  twenty-two  rats  which  died  spontaneously  during  the  study. 
Their  death  was  not  due  to  PVM  infection.  Congestion  and 
hemorrhage  of  the  lung  were  the  most  common  findings  in  these 
animals.  The  cause  of  death  in  most  of  these  cases  is  not  known, 
but  exposure  to  rp/br  may  have  been  a  contributing  factor. 


Three  animals  which  died  spontaneously  after  day  51  had  erosions 
of  the  laryngeal  mucosa  with  deposits  of  fibrin  on  the  surface. 
This  fibrin  probably  partially  obstructed  the  larynx  and  may  have 
contributed  to  the  death  of  these  three  animals.  They  were  all 
in  Group  C3  and  the  lesion  is  considered  related  to  RP/BR 
exposure . " 


5. 4. 1.2.  Clinical  Observations,  Body  Weights  and  food 
Consumption 


Prior  to  death  several  rats  exposed  to  the  high  concentration 
exhibited  labored  breathing,  wheezing,  hunched  posture  and 
lethargy.  The  most  frequent  clinical  observation  not  associated 
with  lethality  was  discharge  from  the  eye(s)  with  or  without 
crust  formation  and/or  swollen  eye  lids.  Other  infrequent 
findings  included  diarrhea  and  discharge  from  the  nose  or  mouth. 
All  these  signs  were  considered  to  be  not  treatment-related  based 
on  the  frequency  of  occurrence  and  their  distribution  in  all  test 
groups  during  the  exposure  and  during  the  recovery  period. 


Statistically  significant  (p<0.001}  decreases  in  body  weights 
were  observed  from  Week  1  through  Week  13  (Table  9).  This  effect 
was  restricted  to  the  0.75-  and  1,20-mg/L  exposure  groups  from 
Weeks  1  to  13.  For  rats  from  the  recovery  groups,  statistically 
significant  (p<0.02)  results  were  seen  during  Weeks  14  and  15 
when  the  animals  that  had  been  exposed  to  0.75  mg/L  continued  to 
have  decreased  body  weights.  No  significant  differences  were 
found  during  Weeks  16  to  21  (Table  9).  Additional  post  hoc 
comparisons  revealed  similar  results  when  these  data  were 
expressed  as  body  weight  gains.  In  this  case  Weeks  1  to  12  were 
decreased  for  the  0.75-  and  1 . 20-mg/L-exposure  groups  and  week  14 
remained  decreased  for  the  0 .75-mg/L-exposed  animals  only  (Table 
10) , 


A  significant  (p<0,001)  effect  of  treatment  on  food  consumption 
was  seen  at  week  4.  Post  hoc  comparisons  revealed  a  significant 
decrease  at  week  4  Tn'theHJ, 75-  and  1 . 20-mg/L-exposure  groups. 
All  other  time  points  were  non-significant  (Table  11). 
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EFFECTS  OF  13-WEEK  SUBCHROHIC  EXPOSURES  TO  RP/8F  AEROSOLS  OR 
WEEKLY  BODY  WEIGHTS  (G)  OF  MALE  SPRAGUE— DAWLEY  RATS 
TESTED  THROUGHOUT  THE  EXPOSURES  AND  THROUGH  AM  8-WEEK  RECOVERY  PERIOD 
{MEAN  AND  STANDARD  DEVIATION  (NUMBER  OF  ANIMALS)] 


MT-RESEARCH  INSTITUTE 


EFFECTS  OF  U-WEEK  SUBCHRCNIC  EXPOSURES  TO  RP/BR  AEROSOLS  ON 
FOOD  CONSUMPTION  (G/DAY)  OF  MALE  SPRAGUE-DAWLEY  RATS  MEASURED 
-WEEK  INTERVALS  THROUGHOUT  THE  EXPOSURES  AND  THE  6-WEEK  RECOVERY  PERIOD 
(MEAN  AND  STANDARD  DEVIATION  (NUMBER  OF  ANIMALS >1 
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5. 4. 1.3.  Pathology 


5. 4. 1.3.1.  Interim  necropsies 

The  primary  exposure-related  change  seen  histologically  in  the 
lungs  of  animals  examined  at  the  interim  necropsies  at  Weeks  2 
and  4  during  this  subchronic  study  was  diagnosed  as  "terminal 
bronchiolar  fibrosis".  The  lesion  consisted  of  a  minimal 
thickening  of  the  alveolar  walls  where  the  terminal  bronchiole 
joins  the  alveolar  sacs.  The  thickening  consisted  of  a 
heterogeneous  eosinophilic  material  which  contained  small  numbers 
of  cells.  Masson's  trichrome  stain  demonstrated  small  amounts  of 
collagen  in  these  areas  which  correlated  with  the  degree  of 
fibrosis  seen  with  H&E  stain.  All  interim-terminated  animals 
exposed  to  0.75  or  1.20  mg/L  developed  terminal  bronchiolar 
fibrosis  by  four  weeks  of  exposure  (Table  12).  The  change  was 
usually  minimal  in  the  0.75-  and  moderate  in  the  1.20-mg/L- 
treatment  groups,  suggesting  a  dose- response .  After  two  weeks  of 
exposure  all  animals  exposed  to  1.20  mg/L  had  minimal  to  mild 
fibrosis  but  only  3  of  6  rats  at  0.75  mg/L  level  had  detectable 
thickening.  In  none  of  the  animals  that  were  exposed  to  0.75 
mg/L  for  two  weeks  could  an  increase  in  collagen  be  demonstrated 
with  the  trichrome  stain. 

interstitial  inflammation  of  the  pulmonary  parenchyma  was  present 
in  more  exposed  animals  that  received  1.20  mg/L  than  in  control 
or  0 .75-mg/L-exposed  animals.  Other  changes  in  the  necropsied 
animals  occurred  in  approximately  equal  frequency  between  exposed 
and  control  animals. 


5. 4. 1.3. 2.  Terminal  and  recovery  necropsies 


There  were  no  exposure-related  changes  found  in  any  of  the 
tissues  which  were  examined  outside  of  the  respiratory  tract. 
Lesions  in  general  were  infrequent  and  occurred  in  approximately 
the  same  incidence  in  animals  exposed  to  the  high  concentration 
as  in  control  animals. 

The  primary  exposure-related  change  seen  histologically  after 
termination  of  this  first  subchronic  study  was  in  the  lung  and 
was  diagnosed  as  "terminal  bronchiolar  fibrosis".  The  lesion 
consisted  of  thickening  of  the  alveolar  walls  and  of  the  most 
distal  portions  of  the  terminal  bronchioles  at  the  point  where 
the  terminal  bronchiole  ends  and  joins  the  alveolar  sacs.  The 
thickening  consisted  of  a  heterogeneous  eosinophilic  material 
containing  small  numbers  of  cells.  Staining  with  Masson's 
trichrome  stain  showed  strong  evidence  of  collagen  deposition. 
The  incidence  of  this  lesion  by  severity,  summarized  for  interim, 
terminal  and  recovery  necropsies  shown  in  Table  12  demonstrates 
that  inhalation  of  RP/BR  for  2  weeks  produced  minimal  bronchiolar 
fibrosis  in  50%  of  rats  exposed  to  0.75  mg/L  and  minimal  to  mild 
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Table  12 

INCIDENCE3  OF  TERMINAL  BRONCHI OLAR  FIBROSIS  IN  THE  FIRST 

SUBCHRONIC  STUDY 


Exposure  Periods  and  RP/BR  Concentrations  (mg/L) 


Severity 

2  Weeks0 

4  Weeks0 

13  Weeks 

Recovery 

Of  Lesions 

KttUaiMll 

(0.75)  (1.20) 

■usui 

(0.7b) 

(1.20) 

Minimal 

3/6  5/6 

5/6 

4/12  3/12 

1/12 

5/12 

Mild 

1/6 

1/6  1/5 

9/12 

1/12 

7/12 

3/12 

Moderate 

4/5 

6/12 

7/12 

Severe 

4/12 

2/12 

aNumber  of  animal 
group 

^Interim  necropsy 
cTerminal  necropsy 
^Terminal  necropsy 


s  having  lesion/total  number  examined 


after  completion  of  last  exposure 
after  8  weeks  of  recovery  following  last 


in  the  exposure 


exposure 
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fibrosis  in  all  of  the  1 . 2-mg/L-exposed  rats.  All  rats  had 
fibrosis  after  4  weeks  of  exposure  to  0.75  or  1.2  mg/L  of  RP/BR. 
After  completion  of  the  13  week  study,  100%  of  the  rats  exposed 
to  0.75  og/L  RP/BR  or  higher  and  approximately  30%  of  rats 
exposed  to  0.30  mg/L  had  terminal  bronchiolar  fibrosis.  Severity 
and  frequency  of  the  lesion  increased  with  the  higher 
concentrations.  The  incidence  of  fibrosis  in  the  recovery 
animals  was  only  slightly  less  than  that  of  the  animals  killed 
immediately  after  the  exposure  and  does  not  suggest  resolution  of 
the  lesion  with  time. 


5.4.2.  Second  Study 


5. 4. 2.1.  Spontaneous  Deaths 


No  animals  died 
(Weeks  1  to  13) 
One  rat  from  the  0 
hip  which  later 
at  Test  Week  10 
had  a  histocytic 
death.  In  addit 
died  during  Test 
This  animal  had 
These  mortalities 
as  spurious  events 


during  the  exposure  phase  of  the  second  study 
but  two  died  during  the  8-week  recovery  period. 
. 18-mg/L-exposure  group  developed  a  mass  on  the 
spread  to  the  leg.  The  mass  was  first  apparent 
and  the  rat  died  at  Test  Week  15.  This  animal 
sarcoma,  which  was  probably  contributory  to  its 
ion,  one  rat  from  the  0 . 30-mg/L-exposure  group 
Week  18  following  a  marked  body  weight  loss, 
chronic  hemorrhage  and  congestion  of  the  lungs, 
and  the  development  of  a  mass  were  considered 
and  not  a  consequence  of  exposures  to  rp/br. 


& 


5. 4. 2. 2.  Clinical  Observations  and  Body  Weights 

The  most  frequently  observed  clinical  sign  was  red/crusted 
eye(s).  Other  clinical  signs  sporadically  seen  included  watery 
eye(s),  le&icns  on  head,  neck,  tail  and  extremities.  None  of 
these  signs  were  judged  to  be  exposure-related  based  on  their 
distribution  and  frequency  of  occurrence. 

Statistically  significant  increases  in  body  weights  were  observed 
for  the  0 . 05-mg/L-exposure  group  relative  to  controls  during 
Weeks  4  through  12  (Table  13)  (group  by  time  interaction 
p<0 . 0001 ) .  In  terms  of  body  weight  gains,  rats  from  the  0.18- 
and  0 . 30-mg/L-exposure  groups  showed  significant  decreases  on 
Test  Week  1,  whereas  the  0 . 05-mg/L-exposed  animals  showed 
significant  increases  on  Test  Weeks  3  to  12,  15  and  20  and  rats 
from  the  0 . 18-mg/L-exposure  group  demonstrated  significant 
increases  on  Test  Weeks  5  to  11,  20  and  21  (Table  14). 
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SIGNIFICANTLY  DIFFERENT  (p£0.05>  FROM  CORRESPONDING  CONTROL  GROUP 
a  =  2 .25  HR/DAY  ON  i  CONSECUTIVE  DAYS/WEEK 
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5. 4. 2. 3.  Pathology 


5. 4. 2.3.1.  Post-exposure  and  post-recovery  necropsies 


The  primary  treatment-related  change  seen  histologically  in  this 
second  (lower  concentration-range)  subchronic  study  was  still 
terminal  bronchiolac  fibrosis  in  the  lung  in  rats  from  the  0.30- 
and  0.18-mg/L-treatment  groups.  The  lesion  consisted  of  minimal 
thickening  of  the  alveolar  walls  and  of  the  most  distal  portions 
of  the  terminal  bronchioles  at  the  point  where  the  terminal 
bronchiole  ends  and  joins  the  alveolar  sacs.  The  thickening 
consisted  of  a  heterogeneous  eosinophilic  material  containing 
small  numbers  of  cells.  This  material  stained  positively  for 
collagen  with  Masson's  trichrome  stain.  The  incidence  of  this 
lesion  summarized  in  Table  15  demonstrates  that  minimal  terminal 
bronchiolar  fibrosis  was  found  in  less  than  50%  and  25%  of  the 
rats  exposed  to  0.30  and  0.18  mg/L  of  RP/BR,  respectively,  with  a 
total  absence  of  the  lesions  in  the  0 . 05-mg/L-exposure  group. 
Although  the  incidence  of  fibrosis  was  somewhat  decreased  after 
the  recovery  period,  it  nevertheless  did  not  disappear. 

Other  changes  in  the  lung  were  usually  minimal  or  absent 
altogether.  Some  animals  had  small  numbers  of  alveolar 
macrophages  but  they  were  usually  not  associated  with  the 
terminal  bronchiolar  fibrosis.  Minimal  to  mild  lymphocytic 
hyperplasia  occurred  in  many  of  the  animals,  both  treated  and 
controls.  Other  changes  were  relatively  infrequent. 
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Table  15 


INCIDENCE3  OF  TERMINAL  BRONCHIOLAR  FIBROSIS  IN  THE  SECOND 

SUBCHRONIC  STUDY 

_ Exposure  Periods  and  RP/BR  Concentrations  (mg/L) 

k  C 

Severity  13-Week  Exposure  8-Week  Recovery 

of  Lesions  TOTffgT - TTTg'P'T'OTTCT  '  HTWT - TO 71F)  (TT/IFT 

Minimal  0/20  4/20  9/20  0/20  3/20  4/20 

Mild  -  -  - 

Moderate  -  -  - 

Severe  -  -  - 


aNumber  of  animals  having  lesion/total  number  examined  in  the 
exposure  group 

^Terminal  necropsy  after  completion  of  last  exposure 

cTerminal  necropsy  after  8  weeks  of  recovery  following  last 
exposure 
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6.  SUMMARY  DISCUSSION 


in  its  concern  for  personnel  health  and  safety,  the  U.S.  Army 
Medical  Research  and  Development  Command  initiated  a  research 
program  to  provide  a  comprehensive  definition  of  the  biological 
effects  of  red  phosphcrus/butyl  rubber  sr>nke  on  mammalian  systems 
under  conditions  which  approximate  the  potential  troop  exposure. 
The  studies  used  laboratory  rats  placed  into  controlled  test 
atmospheres  in  whole-body  exposure  chambers  and  were  conducted  in 
four  phases. 

In  Phase  I  inhalation  exposure  facilities  with  automatically 
controlled  conditioned  air  supply  and  exhaust  systems  were  built 
and  specially  designed  RP/BR  combustion  generators  provided  by 
the  Government  were  installed.  Aerosol  sampling  methods  for 
monitoring  of  mass  concentration,  particle  size  and  percentage 
phosphorous  acids  were  established  and  used  to  characterize  the 
aerosol  exposure  system  for  spatial  and  temporal  homogeneity. 
Phase  II  consisted  of  range-finding  acute  and  repeated-dose 
exploratory  studies  to  determine  lethality  (LC5Q)  and  influence 
of  exposure  duration  on  morbidity;  whereas  sIn  Phase  III  the 
combination  of  the  effects  of  exposure  concentration,  duration 
and  frequency  on  a  series  of  biological  endpoints  were  examined 
in  depth  after  4-week  exposure  and  2-week  recovery  periods,  to 
define  time-concentration  relationships  as  well  as  threshold 
levels,  healing,  and  adaptation  in  biological  responses. 

The  objective  of  the  Phase  IV  studies,  the  subject  of  the  current 
final  report,  was  to  evaluate  the  biological  effects  and  the 
reversibility  of  the  observed  effects  in  subchronic  RP/BR  aerosol 
exposures  on  various  biological  endpoints  in  male  rats.  The 
primary  objective  was  to  define  the  no-measurable  effect  level 
for  the  biological  response  parameters  assessed  to  be  the  most 
sensitive  indicators  of  dysfunction.  The  experimental  design  and 
the  exposure  conditions  were  developed  based  upon  the  results  of 
the  Phase  III  studies  and  included  exposures  for  2.25  hr/day  on 
four  consecutive  days  per  week  for  a  period  of  13  weeks  to  0.30 
( C.  ) ,  0.75  ;c2)and  1.20  (C,)  mg/L  of  RP/BR  aerosol,  or  to 
filtered  air  fc0).  The  experimental  endpoints  selected  for 
evaluation  of  the  effects  after  13  weeks  of  exposure  and  for  the 
C, ,  C3  and  CQ  treatment  groups  after  an  8-week  recovery  period 
included  mortality,  clinical  observations,  body  weights,  food 
consumption,  histopathology  of  the  lungs  and  other  major  organs, 
examination  of  the  pulmonary  free  cells  collected  from  the  lungs 
by  lavage,  measurement  of  in  vivo  pulmonary  bactericidal  activity 
and  evaluation  of  neurobehavi oral  activity  parameters.  The 
biological  and  statistical  evaluation  of  this  study  showed  that 
the  no-measurable  effect  level  had  not  been  reached.  The  results 
demonstrated  that  although  some  significant  changes  could  be 
observed  for  almost  all  parameters  under  some  of  the  conditions 
examined,  the  most  striking  and  consistent  effects  found  for  all 
three  RP/BR  concentration  levels  were  the  histopathologically 
determined  terminal  bronchiolar  fibrosis  and  the  highly 
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signif icant^p^^ccease  measured  in  pulmonary  bactericidal  activity 
to  inhaled  5S-Klebsiel la  pneumoniae . 

Therefore,  these  two  experimental  parameters  were  used  as  major 
biological  endpoints  in  a  second  subchronic  study  conducted  at 
aerosol  concentrations  lowered  to  0.05,  0.18  and  0.30  mg/L,  (thus 
repeating  the  lowest  level  from  the  previous  study  as  the  highest 
concentration),  to  further  explore  the  fibrotic  changes  in  the 
lungs  and  to  examine  the  effects  on  pulmonary  bactericidal 
activity  after  a  13-week  exposure  and  an  8-week  recovery  period. 


Throughout  the  two  subchronic  studies  aerosol  mass  concentrations 
were  within  3%  of  the  target  values,  MMAD's  ranged  from  0.49  to 
0.65  ym  with  og's  of  1.56  to  1.83,  while  phosphorous  acid  levels 
in  the  test  atmosphere  varied  from  71  to  80%. 


During  the  first  study  10.81  of  the  rats  exposed  to  1.20  mg/L 
died  spontaneously  or  were  necropsied  in  a  moribund  state.  In 
addition  statistically  significant  decreases  in  body  weights  and 
body  weight  gains  were  observed  from  weeks  1  through  13  in  the 
0.75-*  and  1 . 20-mg/L-exposure  groups.  A  significant  decrease  in 
food  consumption  was  only  seen  after  four  weeks  of  exposure  in 
these  groups. 

Although  positive  antibody  titers  to  PVM  were  found  in  rats  from 
the  first  subchronic  study,  no  lesions  characteristic  of  PVM 
infections  were  found  in  the  lungs  of  the  rats  that  died 
spontaneously  or  in  those  examined  at  terminal  necropsy  and 
neither  the  deaths  nor  the  lesions  found  in  the  lungs  were  a 
consequence  of  PVM  infection. 

Neurobehavioral  activity  measurements  conducted  according  to  the 
experimental  protocol  did  not  show  consistent  or  significant 
changes.  Statistically  significant  changes  in  pulmonary  lavage 
parameters  found  in  the  first  study  were  sporadic  and  not 
considered  biologically  significanv. 

Significant  decreases  in  pulmonary  bactericidal  activity  to 
inhaled  sS-  K.  pneumoniae  at  all  three  exposure  concentrations 
(1.20,  0.75  an3  0.30  mg/L)  of  the  first  study  were  completely 
absent  after  the  recovery,  whereas  in  the  second  study  none  of 
the  RP/BR  exposures  (0.30,  0.18  and  0.05  mg/L),  including  the 
previously  positive  0.30  mg/L,  produced  an  effect.  Thus  the  no- 
measureable  effect  level  for  pulmonary  bactericidal  activity  was 
<0.30  mg/L  of  RP/BR  aerosol. 

Histologically  no  treatment-related  changes  were  found  in  any  of 
the  tissues  examined  outside  of  the  respiratory  tract.  The 
primary  treatment-related  change  seen  after  13  weeks  of  exposure 
in  both  suochronic  studies  was  terminal  bronchiolar  fibrosis  in 
the  lung.  Strong  evidence  for  fibrosis  was  the  collagen 
deposition  at  the  affected  sites  as  shown  by  Masson's  trichrome 
stain . 
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Inhalation  of  RP/BR  in  male  rats  for  2.25  hr/day  for  4  days/week 
begins  to  produce  fibrosis  after  two  weeks  in  some  of  the  rats 
exposed  to  0.75  mg/L  and  in  all  of  those  exposed  to  1.2  mg/L. 
All  animals  had  fibrosis  at  both  of  these  concentrations  after 
four  weeks.  At  the  end  of  13  weeks,  in  addition  to  100%  of  the 
0.75-  and  1 . 20-mg/L-treatment  groups,  less  than  50%  of  those 
exposed  to  0.30  mg/L  and  less  than  25%  of  those  that  inhaled  0.18 
mg/L  were  also  affected.  Exposure  to  0,05  mg/L  did  not  produce 
fibrotic  changes  at  all.  Some  decrease  in  incidence  of  the 
fibrotic  lesions  could  be  generally  detected  after  the  recovery 
periods,  but  the  lesions  did  not  disappear. 

An  overall  review  of  the  results  of  the  two  studies  demonstrates 
that  in  the  first  study  10.8%  of  the  rats  exposed  to  1.20  mg/L  of 
RP/BR  smoke  died  spontaneously  or  were  necropsied  in  a  moribund 
state.  Most  of  these  animals  died  during  the  first  two  weeks  of 
the  exposures,  and  had  varying  degrees  of  congestion  and  small 
amounts  of  hemorrhage  in  the  lungs.  Those  RP/BR-exposed  (0.75 
and  1.20  mg/L)  animals  which  died  during  the  later  parts  of  the 
study,  had  terminal  bronchiolar  fibrosis  and  erosions  of  the 
laryngeal  mucosa  with  deposition  of  fibrin  on  the  surface.  The 
laryngeal  changes  were  probably  contributory  to  their  death.  The 
presence  of  congestion,  hemorrhage,  and  interstitial  inflammation 
in  the  lungs  of  1 . 20-mg/L-exposed  rats  which  died  during  this 
experiment  strongly  suggests  that  these  effects  were  due  to  the 
RP/BR  smoke.  This  concentration  obviously  produces  morbidity, 
since,  in  addition  to  these  morphologic  changes,  decreased  body 
weight  and  food  consumption  were  measured.  At  the  terminal 
necropsy  all  animals  had  terminal  bronchiolar  fibrosis  in  the 
0.75-  and  1 . 20 -mg/L-exposure  groups  and  all  three  exposure  groups 
had  significantly  reduced  pulmonary  bactericidal  activity. 

In  the  second  study  at  the  concentrations  of  0.30,  0.18  and  0.05 
tng/L  RP/BR  there  were  no  exposure-related  mortalities  and 
neither  pulmonary  bactericidal  activity  nor  body  weights  showed 
significant  decreases.  Terminal  bronchiolar  fibrosis  was  still 
found  in  the  lungs  of  rats  exposed  to  the  medium  and  high  doses 
but  the  lesions  were  minimal  in  severity  and  were  totally  absent 
in  the  0 . 05-mg/L-exposure  group. 

Thus,  comparison  of  the  findings  of  the  two  studies  demostrates 
that  there  is  a  steep  dose  response  curve  for  the  test  material 
upon  repeated  exposures:  The  responses  at  1.20  and  0.75  mg/L 
include  lethality  in  addition  to  terminal  bronchiolar  fibrosis 
and  significantly  reduced  pulmonary  bacterial  activity,  body 
weights  and  food  consumption  whereas  at  approximately  a  tenfold 
lower  level  (between  0.05  and  0.18  mg/L)  there  is  no  measurable 
effect. 

in  summary,  the  results  of  these  Phase  IV  studies  demonstrate 
that  when  male  Sprague  Dawley  rats  inhaled  RP/BR  combustion 
products  for  2.25  hr/day  on  four  days  per  week  for  13  weeks,  the 
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I  IT  PROJECT  NUMBER  L06139 
PHASE  IV  STUDY  NO.  80 


THE  EFFECTS  OF  SUBCHRONIC  EXPOSURES  TO 
RED  PHOSPHORUS/BUTYL  RUBBER  (RP/BR)  COMBUSTION  PRODUCTS 
ON  VARIOUS  BIOLOGICAL  ENDPOINTS 
IN  MALE  SPRAGUE-DANLEY  RATS 

GROSS  NECROPSY  OBSERVATIONS 

In  accordance  with  experimental  protocol,  gross  examinations  of  organs 
and  tissues  were  performed  on  141  (Including  22  spontaneous  deaths)  male 
Sprague-Dawley  rats  in  the  toxicology  group  of  Project  L06139  Study  Number 
80.  The  rats  were  divided  into  13  groups  each  containing  male  rats.  The 


rats  were  exposed  to  various  concentrations  of  RP/BR  aerosol  for  2.25  hours 
per  day  for  four  consecutive  days  for  two,  four  or  13  week  periods.  Ten  of 
the  13  groups  of  rats  were  sacrificed  on  the  day  of  their  last  exposure 
while  the  rats  in  the  remaining  three  groups  (the  recovery  groups)  were 
sacrificed  8  weeks  following  their  last  exposure.  The  groups,  treatment, 
number  of  rats  per  group,  and  corresponding  exposure  concentration  levels 
are  outlined  below. 


Treatment 

Weeks 

Exposed 

Number  of 
Rats 

Exposure 
Concentration 
Levels  (mq/1) 

Filtered  Air 

13 

13a 

0.00 

RP/BR  Aerosol 

13 

12 

0.30 

RP/BR  Aerosol 

13 

12 

0.75 

RP/BR  Aerosol 

13k 

23a 

1.20 

Filtered  Air 

13° 

13a 

0.00 

RP/BR  Aerosol 

13° 

13a 

0.75 

RP/BR  Aerosol 

13b 

19a 

1.20 

Filtered  Air 

2 

6 

0.00 

RP/BR  Aerosol 

2 

6 

0.75 

RP/BR  Aerosol 

2 

6 

1.20 

Filtered  Air 

4 

6 

0.00 

RP/BR  Aerosol 

4 

6 

0.75 

RP/BR  Aerosol 

4 

6a 

1.20 

a  Including  spontaneous  deaths. 

°  Exposures  followed  by  8  weeks  of  recovery. 
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MATERIALS  AND  METHODS 

The  rats  were  anesthesized  with  Nembutal,  exsanguinated  by  way  of  the 
abdominal  aorta  and  necropsied.  The  organs  were  examined  and  fixed  in  10% 
neutral  buffered  formalin  for  a  period  of  no  less  than  48  hours  before 
further  processing.  The  lungs  were  fixed  by  intratracheal  perfusion  with 
formal i n . 

The  following  tissues  were  collected  at  necropsy.  Tissues  marked  with 
an  asterisk  (*)  in  the  list  below  were  processed  by  the  Histology 
Laboratory  embedded  in  paraffin  and  resulting  blocks  were  sent  to  EPL  for 
further  processing  and  microscopic  examination. 


Skin/Mammary  Gland 

Tongue 

♦Larynx 

Parathyroi  d/Thyroi  d 

♦Trachea 

♦Esophagus 

♦Heart 

Thymus 

♦Lungs 

♦Urinary  Bladder 
♦Stomach 
♦Duodenum 
Femur/Bone  Marrow 


Ileum 

Jejunum 

Mandibular  Lymph  Nodes 

♦Eyes 

Brain 

Spinal  Cord  (Cervical) 
Pituitary  Gland 
Ears  (Tag) 

♦Nasal  Turbinates 
♦Respiratory  Lymph  Nodes 
Sternum 
♦Testes 


♦Liver 

♦Kidneys  i 

♦Adrenal  Glands 

Spleen 

Pancreas 

Cecum 

Colon 

Mesenteric  Lymph  3 

Nodes 

Skeletal  Muscle 
Sciatic  Nerve 
Salivary  Glands 
Mandibular 


A  summary  of  gross  observations  is  presented  by  groups  in  the  Necropsy 
Observation  Tables  (Tables  I  -  V). 

GROSS  PATHOLOGY  RESULTS 

Treatment-related  lesions  were  observed  in  rats  that  were  exposed  for 
2  and  4  weeks  to  1.2  mg/1  RP/BR  and  that  died  spontaneously  during  the 
study.  Treatment-related  lesions  seen  in  animals  after  2  or  4  weeks  of 
exposure  included  red  areas,  dark  red  foci  or  gray  areas  in  the  lung, 
mottled  red  thymus,  dark  red  mandibular  lymph  node  and  dark  red  focus  in 
the  mesenteric  lymph  node.  No  substantial  differences  were  seen  in  the 
incidence  of  gross  findings  between  control  and  treated  animals  sacrificed 
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after  13  weeks  of  exposure  or  after  the  recovery  period.  The  dilated 
pelvis  and  flaccid  kidneys  seen  in  two  treated  rats  are  spontaneous  changes 
which  are  occasionally  seen  in  rats  of  this  strain  and  are  not  considered 
treatment- related.  Treatment- related  changes  which  occurred  in  animals 
which  died  spontaneously  included  mottled  dark  red  lungs,  dark  red  fluid  in 
the  abdominal  and  thoracic  cavities,  intestine  and  brain,  and  dark  red 
livers  and  spleens. 

SUMMARY  AND  CONCLUSIONS 

Treatment-related  changes  were  observed  primarily  in  the  lungs  of  rats 
exposed  for  2  and  4  weeks  and  those  that  died  during  the  study.  Changes  in 
color  and  abnormal  accumulations  of  dark  red  fluid  in  body  cavities  were 
additional  lesions  seen  in  occasional  animals  which  may  also  be  treatment- 
related. 

W/O.  Iverson’,  D.TM.’’ - 

Diplomate,  ACVP 


GROSS  NECROPSY  OBSERVATIONS 
Male  Rats  Sacrificed  After  Four  Weeks  of  Study 


GROSS  NECROPSY  OBSERVATIONS 

Male  Rats  that  Died  Spontaneously  During  Study 
or  Were  Sacrificed  Moribund 
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GROSS  NECROPSY  OBSERVATIONS 
Male  Rats  that  Died  Spontaneously  During  Study 
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PATHOLOGY  SUMMARY 


I  IT  PROJECT  NUMBER  L06139 
PHASE  IV  STUDY  NO.  80 
THE  EFFECTS  OF  SUBCHRONIC  EXPOSURES  TO 
RED  PHOSPHORUS/BUTYL  RUBBER  (RP/BR)  COMBUSTION  PRODUCTS 
ON  VARIOUS  BIOLOGICAL  ENDPOINTS 
#  IN  MALE  SPRAGUE-DAWLEY  RATS 

PATHOLOGY  SUMMARY 
INTERIM  SACRIFICES  AND  MORTALITIES 

£  Microscopic  examinations  were  performed  on  selected  tissues  from  male 

Sprague-Dawley  rats.  The  purpose  of  this  study  was  to  evaluate  the  effects 
of  exposure  concentration  and  recovery  time  of  the  repeated  exposure  of 
rats  to  combustion  products  of  Red  Phosphorus/Butyl  Rubber  (RP/BR)  on 
various  biologic  endpoints.  This  report  contains  the  histopathologic 
findings  for  the  interim  sacrifices  and  mortalities.  The  experimental 
<9  design  for  this  study  was  as  follows: 


T.G. 

NO. 

EXPOSURE 

CODE 

RECOV. 

CONCENTRATION 

mg/L 

ANIMAL 

NUMBERS* 

DISPOSITION 

41 

CO 

0.00 

529-540 

Final  Sac 

42 

Cl 

- 

0.30 

541-552 

Final  Sac 

43 

C2 

- 

0.75 

553-564 

Final  Sac 

44 

C3 

- 

1.20 

565-576 

Final  Sac 

45 

CO 

0.00 

577-588 

Final  Sac 

46 

Cl 

- 

0,30 

589-600 

Final  Sac 

47 

C2 

- 

0.75 

601-612 

Final  Sac 

48 

C3 

- 

1.20 

613-624 

Final  Sac 

49 

CO 

+ 

0.00 

625-636 

Recovery  Sac 

50 

C2 

+ 

0.75 

637-648 

Recovery  Sac 

51 

C3 

+ 

1.20 

649-660 

Recovery  Sac 

52 

CO 

+ 

0.00 

661-672 

Recovery  Sac 

53 

C2 

+ 

0.75 

673-684 

Recovery  Sac 

54 

n 

r 

1.20 

685-696 

Recovery  Sac 

67 

CO 

0.00 

817-822 

2-Week  Interim  Sac 

68 

C2 

- 

0.75 

823-828 

2-Week  Interim  Sac 

69 

C3 

- 

1.20 

829-834 

2-Week  Interim  Sac 

70 

CO 

0.00 

835-840 

4-Week  Interim  Sac 

71 

C2 

- 

0.75 

841-846 

4-Week  Interim  Sac 

72 

C3 

- 

1.20 

847-852 

4-Week  Interim  Sac 

T.G.  NO.  =  Treatment  group  number 

*  Six  selected  rats  from  Treatment  Groups  Numbers  41-54  will  be 
used  for  the  necropsy  and  hi stopathology. 
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All  animals  were  exposed  for  2.25  hours  per  day  for  four  consecutive  days 
for  two,  four,  or  thirteen  weeks.  Recovery  animals  were  then  untreated  for 
an  additional  eight  weeks.  Ail  rats  were  necropsied  and  gross  and 
histologic  evaluations  of  the  respiratory  tract  were  conducted.  According 
to  protocol  the  lung  from  all  animals  was  trimmed  and  processed  to  paraffin 
blocks.  The  paraffin  blocks  were  then  shipped  to  Experimental  Pathology 
Laboratories,  Inc.  where  hematoxylin  and  eosin  stained  slides  were  prepared 
and  examined.  Additional  sections  of  all  lungs  from  animals  sacrificed  at 
two  and  four  weeks  were  also  prepared  and  stained  with  Masson's  trichrome 
stain  to  demonstrate  collagen. 

RESULTS 

The  microscopic  changes  found  in  all  lung  lobes  examined  are  listed  in 
the  Histopathology  Incidence  Table.  The  primary  treatment-related  change 
seen  histologically  in  the  sections  of  lung  examined  from  the  interim 
sacrifice  animals  was  diagnosed  as  "terminal  bronchiolar  fibrosis".  The 
lesion  consisted  of  a  minimal  thickening  of  the  alveolar  walls  where  the 
terminal  bronchiole  joins  the  alveolar  sacs.  The  thickening  consisted  of  a 
heterogeneous  eosinophilic  material  which  contained  small  numbers  of  cells. 
Masson's  Trichrome  stain  demonstrated  small  amounts  of  collagen  in  these 
areas  which  correlated  with  the  degree  of  fibrosis  seen  with  H&E  stain. 
Most  animals  exposed  to  0.75  or  1.2  mg/1  developed  terminal  bronchiolar 
fibrosis  by  four  weeks  of  exposure.  The  change  was  usually  minimal  in 
Group  71  and  moderate  in  Group  72,  demonstrating  a  dose-response.  After 
two  weeks  of  exposure  all  animals  exposed  to  1.2  mg/1  had  minimal  to  mild 
fibrosis  but  only  3  of  6  rats  at  0.75  mg/1  had  detectable  thickening.  In 
all  of  these  Group  68  animals,  an  increase  in  collagen  was  not  demonstrable 
with  the  trichrome  stain. 
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Interstitial  inflammation  of  the  pulmonary  parenchyma  was  present  in 
more  treated  animals  that  received  1.2  mg/1  than  in  CO  or  C2  animals. 
Other  changes  in  the  sacrificed  animals  occurred  in  approximately  equal 
frequency  between  treated  and  control  animals. 

A  total  of  sixteen  animals  died  spontaneously  or  were  sacrificed  in  a 
moribund  condition  prior  to  their  scheduled  termination.  Most  animals  had 
varying  degrees  of  congestion  and  small  amounts  of  hemorrhage  in  the  lung 
tissue.  Other  lesions  seen  were  similar  to  those  found  in  the  interim 
sacrificed  animals.  No  obvious  cause  of  death  was  apparent  from 
examination  of  the  lungs  from  these  animals. 

CONCLUSION 

The  results  of  these  microscopic  examinations  indicate  that  the 
administration  of  RP/BR  to  male  rats  for  2.25  hr/day  for  four  consecutive 
days  begins  to  produce  terminal  bronchiolar  fibrosis  after  two  weeks  of 
exposure  at  .75  mg/1.  All  animals  exposed  to  1.2  mg/1  for  two  weeks  had 
minimal  fibrosis  and  most  animals  had  fibrosis  at  both  of  these 
concentrations  after  four  weeks.  Interstitial  inflammation  was  a  dose- 
related  lesion  which  occurred  in  some  animals  in  the  high  dose  group.  A 
number  of  animals  died  or  were  sacrificed  in  a  moribund  condition  during 
the  first  few  weeks  of  the  study.  The  cause  of  death  could  not  be 
determined  from  examination  of  the  lung  tissue. 
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HISTOPATHOLOGV  INCIDENCE  TABLE 


H1ST0PATH0L0GY  INCIDENCE  TABLE 
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PATHOLOGY  SUM4ARY 


I  IT  PROJECT  NUMBER  L06139 
PHASE  IV  STUDY  NO.  80 
THE  EFFECTS  OF  SUBCHRONIC  EXPOSURES  TO 
RED  PHOSPHORUS/BUTYL  RUBBER  (RP/BR)  COMBUSTION  PRODUCTS 
ON  VARIOUS  BIOLOGICAL  ENDPOINTS 
IN  MALE  SPRAGUE-DAWLEY  RATS 


PATHOLOGY  SUMMARY 


TERMINAL  SACRIFICE,  RECOVERY  SACRIFICE, 
AND  MORTALITIES  DAYS  51-125 


Microscopic  examinations  were  performed  on  selected  tissues  from  male 
Sprague- Dawley  rats.  The  purpose  of  this  study  was  to  evaluate  the  effects 
of  exposure  concentration  and  recovery  time  of  the  repeated  exposure  of  rats 
to  combustion  products  of  Red  Phosphorus/Butyl  Rubber  (RP/BR)  on  various 
biological  endpoints.  This  report  contains  the  histopathologic  findings  for 
the  terminal  sacrifices,  recovery  sacrifices,  and  the  animals  which  died 
spontaneously  between  51  and  125  days  on  test.  The  experimental  design  for 
this  study  was  as  follows: 


T.G. 

NO. 

START 

CODE 

ENDPT. 

GROUP 

EXPO. 

CONC. 

DOSE 

(mg/1) 

RECOV. 

EXPOSURE 
START  END 

ASSAY 

DATE 

NO.  OF 
ANIMALS 

41 

I 

PATH 

CO 

0.0 

• 

8/13 

11/8 

11/9 

12 

42 

I 

PATH 

Cl 

0.3 

- 

8/13 

11/8 

11/9 

12 

43 

I 

PATH 

C2 

0.75 

- 

8/13 

11/8 

11/9 

12 

44 

I 

PATH 

C3 

1.2 

- 

8/13 

11/8 

11/9 

12 

49 

I-R 

PATH 

CO 

0.0 

+ 

8/13 

11/8 

1/4 

12 

50 

I-R 

PATH 

C2 

0.75 

+ 

8/13 

11/8 

1/4 

12 

51 

I-R 

PATH 

C3 

1.2 

+ 

8/13 

11/8 

1/4 

12 

T.G. 

NO.  - 

Treatment 

group 

number 

All  animals  were  exposed  for  2.25  hr/day  on  four  consecutive  days  per  week. 

The  animals  sacrificed  on  11/9  were  designated  the  terminal  sacrifice. 
Animals  sacrificed  on  1/4  were  designated  the  recovery  sacrifice.  Total  days 
on  test  were  calculated  for  each  animal  with  the  exposure  start  day  counted 
as  day  one.  The  day  of  death  was  counted  as  the  last  day  on  test.  Actual 
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exposure  days  were  always  less  than  the  days  on  test  since  the  animals  were 
only  exposed  four  days  each  week.  Some  animals  were  substituted  into  the 
above  treatment  groups  from  other  groups  to  replace  animals  which  died 
spontaneously.  These  animals  had  received  exposures  equivalent  to  the 
animals  which  they  replaced. 

Complete  gross  necropsi e s  of  all  rats  designated  for  pathology  were 
conducted.  The  following  tissues  were  processed  to  paraffin  blocks  for  all 
animals  which  died  or  were  sacrificed  and  designated  for  pathology:  two 
levels  of  nasal  turbinates,  trachea,  larynx,  pulmonary  lymph  node  and  lung. 
Additional  tissues  processed  to  paraffin  blocks  for  the  sacrificed  CO  and  C3 
animals  were  heart,  eye,  kidney,  adrenal,  liver,  esophagus,  stomach, 
duodenum,  urinary  bladder  and  testis.  All  paraffin  blocks  were  then  shipped 
to  Experimental  Pathology  Laboratories,  Inc.  where  hematoxylin  and  eosin 
stained  slides  of  the  appropriate  tissues  were  prepared  and  examined. 
Additional  lung  sections  from  selected  animals  were  stained  with  Masson's 
trichrome  stain  to  demonstrate  collagen  or  Von  Kossa's  stain  to  demonstrate 
calcium  salts. 

RESULTS 

The  microscopic  changes  and  a  detailed  listing  of  all  tissues  evaluated 
are  presented  in  the  Tabulated  Animal  Data  Tables.  Results  of  the  special 
stains  performed  are  listed  in  the  Histopathology  Incidence  Table.  All 
lesions  are  summarized  by  treatment  group  and  presented  in  the  Project 
Summary  Tables.  A  correlation  of  lesions  observed  at  necropsy  with  the 
corresponding  microscopic  observation,  where  possible,  is  presented  in  the 
Correlation  of  Gross  and  Micro  Tables.  The  gross  observations  in  these 
tables  were  transcribed  from  the  necropsy  sheets  provided  with  the  paraffin 
blocks.  Animal  dispositions  were  listed  as  final  sacrifice  or  spontaneous 
death  as  they  were  indicated  on  the  necropsy  sheets. 
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There  were  no  treatment-related  changes  found  in  any  of  the  tissues 
which  were  examined  outside  of  the  respiratory  tract.  Lesions  in  general 
were  infrequent  and  occurred  in  approximately  the  same  incidence  in  C3 
animals  as  in  CO  animals. 

The  primary  treatment-related  change  seen  histologically  in  this  study 
was  in  the  lung  and  was  diagnosed  as  "terminal  bronchiolar  fibrosis".  The 
lesion  consisted  of  thickening  of  the  alveolar  walls  and  of  the  most  distal 
portions  of  the  terminal  bronchioles  at  the  point  where  the  terminal 
bronchiole  ends  and  joins  the  alveolar  sacs.  The  thickening  consisted  of  a 
heterogenous  eosinophilic  material  containing  small  numbers  of  cells.  This 
material  stained  positively  for  collagen  with  Masson's  trichrome  stain.  The 
incidence  of  this  lesion,  by  severity,  is  shown  in  the  following  table: 

INCIDENCE  OF  TERMINAL  BRONCHIOLAR  FIBROSIS 


Sever  i  ty 

Number  of 
Terminal  Sac. 

Group:  CO  Cl  C2  C3 

Animal s 

Recovery  Sac. 
CO  C2  C3 

Minimal  -  Grade  1 

4  3 

1 

5 

Mild  -  Grade  2 

9 

1 

7  3 

Moderate  -  Grade  3 

6 

7 

Severe  -  Grade  4 

4 

2 

A  crystalline,  basophilic  character  to  the  fibrous  tissue  was  seen  in 
some  animals  on  the  H&E  sections.  Staining  with  Von  Kossa's  method  for 
calcium  salts  gave  a  strongly  postitive  reaction  around  many  of  the  terminal 
bronchioles  in  the  three  animals  selected  for  staining.  The  staining  was 
even  more  extensive  than  with  the  Masson's  trichrome  stain.  The  incidence  of 
fibrosis  in  the  recovery  sacrifice  animals  was  only  slightly  less  than  that 
of  the  terminal  sacrifice  animals  and  does  not  suggest  resolution  of  the 
lesion  with  time. 
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Six  animals  which  died  spontaneously  during  the  study  had  their 
respiratory  tracts  examined  microscopically.  All  four  animals  which  had  been 
exposed  to  RP/BR  had  terminal  bronchiolar  fibrosis.  The  three  C3  animals  had 
mild  to  severe  erosions  of  the  laryngeal  mucosa  with  deposition  of  fibrin  on 
the  . surface.  These  laryngeal  changes  were  probably  contributory  to  the  death 
of  these  three  animals. 


CONCLUSION 


The  results  of  these  microscopic  examinations  indicate  that  the  exposure 
of  male  Sprague-Dawley  rats  to  the  combustion  products  of  RP/BR  for  2.25 
hr/day  for  four  consecutive  days  per  week  produced  terminal  bronchiolar 
fibrosis  in  100%  of  the  animals  after  three  months  of  exposure  at  both  0.75 
and  1,2  mg/1.  The  severity  of  the  lesion  increases  with  the  higher  dose. 
Approximately  30%  of  the  animals  exposed  to  0.3  mg/1  for  three  months  under 
similar  conditions  developed  minimal  terminal  bronchiolar  fibrosis.  The 
lesion  was  demonstrated  to  contain  both  increased  amounts  of  collagen  as  well 
as  calcium  salts.  Three  animals  exposed  to  1.2  mg/1  died  during  the  study 
with  erosions  and/or  inflammation  of  the  laryngeal  mucosa  which  is  considered 
treatment-related.  No  other  changes  found  in  the  other  tissues  examined 


appeared  treatment-related. 


07 Iverson,  D.V.M.  / 
Dipl ornate,  ACVP 


THE  EFFECTS  OF  SUBCHRONIC  EXPOSURES 
TO  RED  PHOSPHORUS /BUTYL  RUBBER 
(RP/BR)  COMBUSTION  PRODUCTS 


ABBREVIATION  LIST 


Fibro  -  Fibrosis 
LN  -  Lymph  Node 
Lympho  -  Lymphocytic 
MAN  -  Mandibular 
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PROJECT  SUMMARY  TABLES 


TERMINAL  SACRIFICE 
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THE  EFFECTS  Of  SUBCHROHIC  EXPOSURES 
10  FED  PHOSPHORUS/BUTYL  RUBBER 
/RP/BR)  COMBUSTION  PRODUCTS 


Project  Summary  Table 

SUMMAR'f :  Incidence  of  NEOPLASTIC  and  NON-NEOPLASTIC  Microscopic  Findings 

PROJECT  ID.  NO:-  221-010 

FATES:  FINAL  SACRIFICE 

DAYS:  89-89 

SEX:  MALE 

group: 

CO  Cl 

C2 

C3 

NUMBER  OF  ANIMALS: 

12  12 

12 

12 

t  i  t  : 

f- 

*  Z 

*  X 

NASAL  TURBINATE-LEVEL  I 

No  E>.  1:  12 

12 

12 

NASAL  TURBINATE-LEVEL  2 

No  E 

i: 

12 

12 

12 

TRACHEA 

Erosion 

No  E. 

12 

0  *0/ 

12 

v  (0> 

12 

A  .  A  - 

V  *.V* 

12 

4  (33) 

LARYNX 

No  E. 

12 

12 

12 

12 

PULNONARi  LYMPH  NODE 

NO  E  12 

ll 

12 

12 

Heaorrhage 

c 

(42 

V 

<25  > 

4 

(33/ 

5 

(42) 

Lymphocytic  Hyperplasia 

10 

(83- 

n 

(17) 

1 

(8) 

3 

(25) 

Macrophage  Hyperplasia 

0 

to* 

1 

(8) 

2 

(17) 

3 

(25) 

Pigment 

• 

(O' 

] 

\8) 

1 

(8) 

0 

(0) 

Edema 

r 

t0; 

1 

(8* 

0 

(0) 

0 

(0) 

Lymphocytic  Infiltrate 

ij 

•0) 

0 

•:o> 

0 

(0) 

1 

(8) 

LUNG 

No  12 

12 

12 

12 

Atelectasis 

5 

(42* 

4 

(33) 

1 

(8) 

5 

(42) 

Focal  Lymphocyte  Aggregate 

0 

(0) 

T 

it 

(17) 

1 

(8) 

0 

(0) 

Alveolar  Macrophages 

e 

(67) 

2 

(17) 

1 

(8) 

1 

(8) 

Interstitial  Inflammation 

7 

(58) 

1 

(8) 

1 

(8) 

0 

(0) 

Ierainal  Bronchiolar  Fibro 

0 

(0) 

4 

(33) 

12  (100) 

12  (100) 

Mineralization 

0 

■:o) 

0 

(0) 

0 

(0) 

7 

(58) 

HEARI 

No  E: 

:  12 

0 

0 

12 

Inflaaaation 

M 

(17) 

0 

0 

0 

(0) 

Lyaphocytic  Infiltrate 

1 

(6/ 

0 

0 

2 

(17) 

EYE 

No  E; 

12 

0 

l) 

12 

Corneal  Anomaly 

1 

(6.» 

0 

0 

0 

(0) 
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TO  RED  PHOSPHORUS/BUTYL  RUDDER 
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Pro  j 

Summary  Table 

SUMhAR::  Incidence  of  NEOPLASTIC  and  NON-NEOPLASTIC  Microscopic  Findings 

PROJECT  ID.  NO:  221-010 

FATES: 

FINAL  SACRIFICE 

DAYS: 

89-89 

sex:  hale 

GROUP: 

CO 

Cl 

C2 

C3 

NUMBER  OF  ANIMALS: 

1 

it 

12 

12 

12 

4 

h 

4  2 

4  2 

4  2 

KIDNEY 

No  Ex  12 

0 

0 

12 

Hyaline  Casts 

10 

(831 

i  • 

0 

8  (67) 

Tubular  Hyperplasia 

C| 

0 

(• 

8  (67) 

Pigient 

1 

(6) 

$ 

0 

2  (17) 

ADRENAL 

No  b  12 

0 

0 

12 

LIVER 

No  Ex  12 

0 

0 

12 

Inflawation 

1 

<8  • 

0 

0 

1  (8) 

Lv»phocytic  Infiltrate 

6 

(50; 

o 

0 

6  (50.' 

ESOPHAGUS 

No  l  12 

0 

0 

12 

STOMACH 

No  E  12 

0 

0 

i  r. 

It 

Exfoliated  Cells 

i 

(8* 

0 

o 

2  (17) 

DUODENUM 

No  E.  12 

if 

0 

12 

URINARY  BLADDER 

No  Ex  12 

0 

0 

12 

Concretion 

1 

(8- 

0 

0 

0  (0) 

Lyiphocytic  Infiltrate 

0 

•  0) 

0 

0 

1  (8) 

TESTIS 

No  Ex  12 

0 

0 

12 
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IHE  EFFECTS  OF  SUBCHRONIC  EXPOSURES 

ID  RED  PHOSPHORUS/BUTYL  RUBBER 
•RP.'BR)  COMBUSTION  PRODUCTS 

Project  Summary  Table 

SUMMARY:  Incidence  of  NEOPLASTIC  and  NON-NEOPLASTIC  Microscopic  Findings 

PROJECT  ID.  NO:  221-010 

FATES:  FINAL  SACRIFICE 

DAYS:  89-89  SEX:  MALE 

group: 

NUMBER  OF  ANIMALS: 

CO  "  Cl  C2  C3 

12  12  12  12 

4 

OTHER  TISSUES  AND  LESIONS: 


MAN  LN-Macrophage  Hyper  plm 3  1 

MAN  LN-Lyipho  Hyperplasi  a  1 

MAN  LN-Heiorrhaqe  1 

THYNUS--He«orrivag*  1 


X 

* 

X 

4  X 

4 

X 

(65 

1 

>:s- 

1  (8) 

0 

(0) 

<8> 

0 

(05 

1  (8) 

0 

(0) 

(8> 

1 

(8? 

1  (8) 

0 

(0) 

(  C  1 

0 

(0> 

1  (8) 

0 

(0) 

j 


! 

i 

f 

> 


I 
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RECOVERY  SACRIF ICE 
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THE  EFFECIS  OF  SUBCHRONIC  EXPOSURES 
10  RED  PHOSPHORUS/BUm  RUBBER 
(RP/BE'  COHBUSIION  PRODUCTS 
RECOVERY  SACRIFICE  GROUP 


Project  Summary  Table 
SUMMARY:  Incidence  of  NEOPLASTIC  and  NON- NEOPLASTIC  Microscopic  Findings 


PROJECT  ID.  NO:  221-010 

FATES: 

FINAL  SACRIFICE 

days: 

145-145 

sex.: 

KALE 

GROUP: 

CO 

Cl 

C2 

C3 

NUMBER  OF  ANIMALS: 

,2 

C- 

12 

1 

*> 

M 

* 

\ 

♦  1 

* 

X 

« 

X 

NASAL  TURBINATE-LEVEL  1 

No  E,  i: 

12 

12 

Hemorrhage 

1  • 

•  0 ; 

h 

0 

(O' 

(17) 

Autolvsis 

ft 

(0. 

0 

1 

(8> 

(• 

(0) 

Eosinophilic  Globule's.1 

it 

•  (• 

0 

1 

(8) 

0 

(0) 

NASAL  TURBINATE-LEVEL  2 

No  E:  12 

• 

12 

12 

Hemorrhage 

*  25 

1  • 

0 

(0) 

3 

(25) 

Autolvsis 

0 

<0> 

0 

1 

(8> 

0 

(0) 

IRACHEA 

o 

m 

m-  -* 

1  • 

0 

12 

12 

Autolysi: 

ti 

to 

u 

0 

1 

(8* 

0 

(0) 

LARYNX 

No  E .  12 

12 

12 

Mineralisation 

V 

(0 

V 

0 

(Or 

1 

(8) 

Autolvsis 

• 

1 »}  _• 

0 

1 

(8) 

0 

(0) 

PULMONARY  LYMPH  NODE 

No  E:  12 

* 
i  > 

to 

12 

12 

Hemorrhage 

r 

•  4- 

0 

5 

(42) 

7 

(58) 

Lymphocytic  Hyperplasia 

r* 

/ 

(56  • 

(■ 

3 

(25) 

8 

(50) 

Macrophage  Hyperplasia 

0 

(0/ 

0 

1 

(8) 

3 

(25) 

Pigment 

0 

(0) 

0 

2 

(17) 

0 

(0) 

Edema 

5 

(42) 

0 

5 

(42) 

4 

(33) 

Lymphocytic  Infiltrate 

1 

(8) 

0 

(■ 

(0) 

0 

(0) 

Autolysis 

0 

(Ci 

0 

1 

(8) 

0 

(0) 
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THE  EFFECTS  OF  SUDCHR0NIC  EXPOSURES 

TO  RED  PHOSPHORUS/BUTYL  RUDDER 
(PP/DR)  COMBUSTION  PRODUCTS 

RECOVERY  SACRIFICE  GROUP 

Pr  o  j ect 

Summ-ar  y 

Table 

SUMMARY :  Incidence  of  NEOPLASTIC  and  NON-NEOPLASIIC  Microscopic  Findings 

1 

PROJECI  ID.  no:  221-010 

FATES: 

FINAL  SACRIFICE 

days: 

145-145 

SEX 

!  MALE 

: 

GROUP: 

CO 

Cl 

C2 

C3 

-j 

HUMBER  OF  ANIMALS: 

1 

* 

0 

12 

12 

- 

I 

X 

* 

l 

* 

X 

* 

Z 

LUNG 

No  E::  12 

0 

12 

12 

; 

Atelectasis 

6 

(50) 

0 

3 

(25) 

(17) 

Hemorrhage 

1 

(8) 

0 

it 

(17) 

1 

(8) 

x 

Focal  Lyiohocyte  Aggregate 

1 

(8) 

0 

1 

(8) 

0 

(0) 

Alveolar  Macrophage:- 

8 

(6?) 

0 

4 

(33) 

(• 

(0) 

Interstitial  Intimation 

5 

(42) 

0 

1 

(8) 

0 

(0) 

Ter  •anal  Dronchiol-ar  Fibre 

0 

(0) 

0 

12  (100) 

12  (100) 

Eosinophilic  Infiltrate 

(1?) 

0 

I 

(8) 

0 

(0) 

Mineralization 

0 

(O' 

0 

0 

(0) 

6 

(50) 

Autolysu 

(17) 

0 

1 

(8) 

0 

(0) 

HEART 

No  Ex  12 

0 

1 

12 

Lvmpnocytic  Infiltrate 

4 

(33) 

0 

0 

(C) 

0 

(O) 

EYE 

No  Ex  12 

0 

0 

12 

KIDNEY 

No  Ex  12 

0 

0 

12 

Hyaline  Casts 

11 

(92) 

0 

0 

10 

(83) 

Tubular  Hyperplasia 

10 

(83) 

0 

0 

9 

(75) 

Lymphocytic  Infiltrate 

0 

(0) 

0 

0 

1 

(8) 

ADRENAL 

No  Ex  12 

0 

0 

12 

Accessory  Cortical  Tissue 

0 

(0) 

0 

0 

3 

(25) 

LIVER 

No  Ex  12 

0 

0 

12 

Inflammation 

0 

(0) 

0 

0 

2 

(17) 

Lymphocytic  Infiltrate 

1 

(8) 

0 

0 

3 

(25) 

ESOPHAGUS 

No  Ex  12 

0 

0 

12 

i 

1 _ 
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Project  Summary  Table 

SUMMARY :  Incidence  of  NEOPLASTIC  and  N0N-NEOPLASIIC  Microscopic  Findings 

1 

PROJECT  ID.  NO:  221-010 

FATES:  FINAL  SACRIFICE 
DAYS:  145-145  SEX: 

MALE 

GROUP: 

NUMBER  OF  ANIMALS: 

CO  Cl 

12  0 

12 

C2 

C3 

12 

" 

Jl 

♦  X  ♦  2 

* 

l 

*  y. 

] 

STOMACH 

No  E:  12  0 

0 

12 

Exfoliated  Cells 

1  (S'  0 

0 

1  (8) 

i 

Cystic  Glands 

1  (8)  0 

0 

1  (81 

DUODENUM 

No  E-:  12  0 

0 

12 

URINARY  BLADDER 

No  F,"  12  0 

0 

12 

Concretion 

1  (8)  0 

c 

1  <8> 

TESTIS 

No  E::  12  0 

0 

12 

« 

If-' 


iC 
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RECOVERY  SACRIFICE  GROUP 


Project  Summary  Table 

SUMMARr:  Incidence  of  NEOPLASTIC  and  NON-NEOPLASTIC  Microscopic  Findings 


PROJECT  ID.  NO:  221-010  FATES:  FINAL  SACRIFICE 

DAYS:  145-145  SEX:  HALE 


GROUP:  CO  Cl  C2  C3 

NUMBER  OF  ANIMALS:  12  0  12  12 


OTHER  I  ISSUES  AND  LESIONS: 

PREPUTIAL  GLAND*  Inf  hum  or. 
FAT-Inflaioatiori 


»  2 

0  (0) 
0  (0) 


I  x 


0  (0) 
0  (0) 


*  X 

0  (O) 

1  (8) 


*  X 

1  (8) 
0  (0) 
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THE  EFFECTS  OF  SUDCHRONIC  EXPOSURES 
TO  RED  PHOSPHORUS/tum  RUDDER 
(KP/DR)  COMUSIION  PRODUCTS 


Project  Summary  Table 
SUMMARY:  IfiCi Jence  cf  NEOPLASTIC  and  NON-NEOMAST  1C  Microscopic  Findings 


PROJECI  ID.  MO!  221-010 

FATES:  SPONTANEOUS  DEATH 

DAIS:  $1*123 

sex:  male 

group: _ 

_ 

-CO 

Cl 

— 

C2 

— 

C3 

NUMBER  OF  ANIMALS! 

2  0 

1 

3 

♦  X  * 

X 

♦ 

X 

♦ 

X 

NASAL  TIMINATE-IEVEI  1 

No  Ex 

2  0 

1 

3 

NASAL  TURBINATE-LEVEL  2 

Nc  E;; 

2  C 

1 

3 

Autolysis 

1  (50)  0 

0 

(0) 

0 

(0) 

TRACHEA 

NO  E:. 

:  o 

1 

3 

A'Jt  olysi* 

2  \100>  0 

l  (100) 

0 

(0) 

LARYNX 

No  E: 

:  o 

1 

3 

Autolysis 

2  (100)  0 

1  (100) 

0 

(0) 

Erosior. 

v  (0)  0 

0 

(0) 

3 

(100) 

Inf  ImHion 

0  (O'  0 

0 

(0) 

1 

(33) 

PULMONARY  LYMPH  NODE 

No  E.. 

2  0 

1 

3 

He»orMn?e 

2  UOO)  0 

1  UOO) 

3  (100) 

Pi3*ent 

0  lO)  0 

1  (100; 

1 

(33) 

Edeoo 

V  (0)  0 

0 

(0) 

1 

(33) 

LUNG  No  E:: 

*\ 

w 

0 

1 

3 

Hemorrhao? 

1 

(50> 

0 

1 

UOO) 

0 

to 

(0?) 

Alveolar  Macrophages 

1 

(50) 

0 

0 

(0) 

1 

(33) 

Terminal  Dronchiolar  FiDro 

0 

(0) 

0 

1 

UOO) 

3 

(100) 

Cor^estion 

•*a 

to 

UOO) 

0 

1 

UOO) 

3 

(100) 

Agtolysi; 

1 

(30) 

0 

0 

(0) 

0 

(0) 

HEART 

No  Er:  0 

0 

0 

0 

EYE 

Ho  £.:  0 

0 

0 

0 

131 


TABULATED  ANIMAL  DATA 

TERMINAL  SACRIFICE 


r-  n  r\J*  r~.Jf  FvmATWWWT*.  f  Vtf  WVITVWVWV  TO1TT*  W.71  W’.VUircVI 

THE  EFFECTS  OF  SUBCHRONIC  EXPOSURES 

TO  RED  RHOSPHORUS/DUTYL  RUDDER 
(RR/BR)  COMBUSTION  PRODUCTS 

Tabulated 

An  x  ma 1 

Dat 

- 

PROJECT  ID:  221-010  GROUP: 

:  GO  SEX: 

MALE- 

. 

DAYS:  89-89 

— 

— 

— 

- 

FAIES: 

FINAL  SACRIFICE 

J, 

ANIMAL  ID.  NO: 

530  531 

53 

2  533 

534 

535 

53o 

537 

538  ; 

NASAL  TURBJNAIE-LEVEL  1 

N 

N  N 

N 

N 

N 

N 

N 

N 

N  i 

NASAL  TURBINATE-LEVEL  2 

N 

N  N 

N 

H 

N 

N 

N 

N 

N 

TRACHEA 

N 

N  N 

N 

N 

N 

N 

N 

N 

N 

• 

LARYNX 

H 

N  N 

N 

N 

N 

N 

N 

N 

N 

PULMONARY  LYMPH  NODE 

N 

N 

He»orrha?e 

- 

- 

- 

- 

1 

2 

1 

- 

- 

lyiphocytic  Hyperplasia 

1 

1  2 

1 

- 

1 

1 

2 

— 

? 

LUNG 

Atelectasis 

3 

- 

- 

1 

1 

- 

- 

1 

y 

A 

Alveolar  (Ijcrophajes 

- 

1  1 

1 

1 

- 

1 

1 

- 

2 

Interstitial  Inflaiiiatiori 

“ 

2  2 

“ 

1 

• 

1 

1 

• 

0 

HEART 

N 

■>  N 

N 

N 

N 

- 

N 

Mlataation 

- 

- 

- 

- 

- 

1 

1 

- 

- 

Lyipnocytic  Infiltrate 

” 

•  “ 

1 

** 

- 

*■ 

" 

” 

EYE 

N 

N  N 

N 

N 

N 

N 

N 

N 

N 
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IHE  EFFECTS  OF  SUBCHRONIC  EXPOSURES 
10  RED  PHOSPHORUS/BUTYL  RUBBER 
(PP/BR)  COMBUSTION  PRODUCTS 


Tabulated  Ani  m  al  Dat- 


PROJECT  ID:  221-010  GROUP:  CO  SEX:  HALE 

_  FATES:  FINAL  SACRIFICE 


DAYS:  69-89 


ANIHAL  ID.  NO: 


529  530  531  532  533  534  535  536  537  538 


KIDNEY 

Hyaline  Casts 
Tubular  Hyperplasia 
Fluent 


11111111 
1111-111 
. 1 


ADRENAL 


N  N  N  N  N  N  N  N  N 


LIVER 

Inf  1  mat  ion 
Lyiphocytic  Infiltrate 


N  N 


ESOPHAGUS 


'JNNNNNNNNN 


SIOHACH 

Exfoliated  Cells 


0  N  N  N  N  N  N  N 


DUODENUM 


NNNNNNNNN 


URINARY  BLADDER 


NANNNNNNNN 


TESTIS 


NNNNNNNNNN 
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THE  EFFECTS  OF  SUBCHRONIC  EXPOSURES 
TO  RED  PHQSPHGRUS/BUIYL  RUBBER 
(RP/BR)  COMBUSTION  PRODUCTS 


Tabulated  An  i  m-a  1  Data 


PROIECI  ID:  221-010  GROUP:  CO  SEX:  MALE  DAYS:  89-89 

_ FATES:  FINAL  SACK  IF  ICE _ 


ANIMAL  ID.  NO:  529  530  531  532  533  534  535  536  537  538 

OTHER  TISSUES  AND  LESIONS: 


MAN  IN-Macroplvag®  Hyperplasia  - 

MAN  LN-Lynpho  Hyperpl  aai  a  - 

MAN  LN-Heiorrruqe  - 

THYHUS-Hetorrfis?*  2 
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the  effects  of  subchronic  exposures 

10  FED  PHOSPHORUS/BUtVL  RUBBER 
(RP/BR)  COMBUSTION  PRODUCTS 


Tabulated  Animal  Dat 


PROJECT  IB:  221-010  GROUP:  CO  SEX:  HALE 

— FATES:  FINAL  SACRIFICE - 


DAYS:  89-89 


ANIMAL  IB.  NO:  539  540 

NASAL  TURBINATE-LEVEL  1  N  N 

NASAL  TURBINATE-LEVEL  2  N  p 

TRACHEA  «  u 


LARYNX 


PULMONARY  LYMPH  NODE 

Heiorrna^e  j  j 

Lyiohocytic  Hyperplasia  1  i 

LUNG  N 

Alveolar  Macrophages  ; 

Interstitial  Inf  1  an  at  ion  2 


HEART  t, 

EYE 

Corneal  Anoaalv  P 


KIDNEY 

Hyaline  Casts  1 

Molar  Hyperplasia  1  j 
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IHE  EFFECTS  OF  SUBCHRONIC  EXPOSURES 
TO  RED  PHOSPHORUS/BUTYL  RUBBER 
(RP/BR)  COMBUSTION  PRODUCTS 


Tabulated  Animal  Data 


PROJECT  ID:  221-010  GROUP:  CO  SEX:  MALE 

_ FATES:  FINAL  SACRIFICE _ 

ANIMAL  ID.  NO:  539  540 

ADRENAL  N  N 

LIVER 

Lyiphocytic  Infiltrate  1  1 

ESOPHAGUS  N  N 

STOMACH  N  N 

DUODENUM  N  N 

URINARY  BLADDER  N 

Concretion  -  P 

TESTIS  N  N 


DAYS:  89-89 


i 

■  l 

i 
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THE  EFFECTS  OF  SUBCHRONIC  EXPOSURES 
TO  RED  PHOSPHORUS/ BUI  i  L  RUBBER 
(RP/BR)  COrtBUSIICN  PRODUCTS 


Tabulated  Animal  Data 


— PROJECT  ID:  221-010  CROUP:  Cl —  -SEX:  MALE 

FATES:  FINAL  SACRIFICE 


AN  INAL  ID.  NO:  260  541 

NASAL  TURBINATE-LEVEL  1  N  N 

NASAL  TURBINATE-LEVEL  2  N  N 

TRACHEA  N  N 

LARYNX  N  N 

PULMONARY  LYMPH  NODE  N  N 

Heiorrha?* 


Lyiphocy  t  ic  Hyper  pi  as l a 

PlQMfit 


542 

N 

N 

N 

N 

N 


DATS:  89-89 

543  544  545  546 

N  N  N  N 

N  N  N  N 

N  N  N  N 

N  N  N  N 

N  N  N 

.  0 

ti> 

*> 


547  548  549 

N  N  N 

N  N  N 

N  N  N 

N  N  N 

N  N 

1 


LUNG  N  N 

Atelectasis 

Focal  Lyiphocyte  Awreoate 
Alveolar  hacropnaoes 
Interstitial  Irilaisaucn 
Teninal  Brorichiolar  Fit-ro 


N 


N 


N 


1 


1 

1  -  1 

1 

1  -  1 


1 


1 
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THE  EFFECTS  OF  SUBCHRGNIC  EXPOSURES 
TO  RED  PHOSPHORUS/BUIYL  RUBBER 
(RP/BR)  COMBUSTION  PRODUCTS 


Tabulated  Animal  Data 


PROJECT  ID!  221-010  GROUP:  Cl  SEX:  HALE  DAYS:  89-89 

FATES:  FINAL  SACRIFICE 


ANIHAL  ID.  NO:  260  541  542  543  544  545  546  547  548  549 

OTHER  TISSUES  AND  LESIONS: 

1 
1 


MAN  LN-Mjcropime  Hyper  pi  35 13 
MAN  LN-Heiorrfme 


161 


THE  EFFECTS  OF  SUBCHRQNIC  EXPOSURES 
TO  RED  PHOSPHORUS/BUTYL  RUBBER 
(RP/BR)  COMBUSTION  PRODUCTS 


Tabulated  Animal  Data 


PROJECT  ID:  221-010  GROUP:  Cl  SEX:  MALE  DAYS:  89-89 

_ FATES:  FINAL-SACRIFICE 


ANiML  ID.  NO:  551  552 

NASAL  TURBINATE-LEVEL  1  N  N 

NASAL  TURBINATE-LEVEL  2  N  rt 

TRACHEA  N  N 

LARYNX  N  N 

PULMONARY  LYMPH  NODE 

Heaorrhage  1  1 

Macrophajt  Hyperplasia  -  1 

Edeia  1 

LUNG  H 

Atelectasis  -  1 

leninal  Branchial ar  Fibro  -  1 


1 42 


THE  EFFECTS  OF  SUBCHRONIC  EXPOSURES 
TO  RED  PHQSPHORUS/DUTYL  RUDDER 
(RP/BS)  COMBUSTION  PRODUCTS 


Tabulated  Animal  Data 


PROJECT  ID!  22U010  GROUP:  C2  - SEX:  MALE 

fates:  final  sacrifice 


DAYS:  85-99 


ANIMAL  ID.  NO! 


NASAL  TURBINATE-LEVEL  1 


NASAL  TURBINATE-LEVEL  2 


TRACHEA 


LARYNX 


PULMONARY  LYMPH  NODE 
Heiorrhaq? 

Lyaphocytic  Hyperplasia 
Hacroptase  Hyperplasia 
Pigaerit 


LUNG 

Atelectasis 

Focal  Lymphocyte  Aweiate 
Alveolar  Macrophages 
Interstitial  lnllaasation 
Ierainal  Droncniolar  Fitro 


553  554  555  556  55?  558  559  560  561  562 

NNNNNNNNNN 


N  N  N  N  N 


N  N 


N  N  N  H 


NNMNNNNNNN 


NNNNNNNNNN 


N  N  H 


2  1 


THE  EFFECTS  OF  SU6CHR0NIC  EXPOSURES 
TO  RED  PHOSFHORUS/BUITl  RUBBER 
(RR/BR)  COMBUSTION  PRODUCTS 


Tabulated  Animal  Data 


PROJECT  It:  221-010  GROUP:  C2  SEX:  MALE  BATS:  89-89 

FATES:  FINAL  SACRIFICE 


ANIMAL  ID.  HO:  5S3  554  555  556  557  558  559  560  561  562 

OTHER  TISSUES  AND  LESIONS: 

MAN  LN-Nacrophjge  Hyperplnn  --------  1  - 

MAN  LN-lyapho  Hyperplisn  --------  2  - 

MAN  LN-He«orrhi?e  --------  1  - 

THYHUS-HeBorrfuq?  -  - 


Hi 


THE  EFFECTS  OF  SUPCHFONIC  EXPOSURES 
TO  REP  PHOSPHORUS/PUIYL  RUBBER 
(RP/PR)  COMBUSTION  PRODUCTS 


Tabulated  Animal  Data 


PROJECT  ID:  201-010  GROUP:  c:  SEX:  HALE 

fates:  final  sacrifice 

ANIMAL  IP.  HO:  563  564 

NASAL  TURBINATE-LEVEL  1  N  N 

NASAL  TURBINATE-LEVEL  2  N  N 

TRACHEA  N  N 

LARYNX  a  H 

PULMONARY  LYNPH  HOPE 

Hworrnaie  -  3 

Hicropf*J«ie  Hyperp.'isn  2 

LUNG 

Terunal  Prorichxohr  Fibro  2  2 


DAYS:  89-80 
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IHE  EFFECIS  OF  SURCHRONIC  EXPOSURES 
10  REb  PHOSPHORUS/BUTYL  RUBBER 
<RP/BR>  COMBUSTION  PftODUCTS 


Tabulated  Animal  Data 


PROJECT  lb:  221*010  GROUP:  C3  SEX:  MALE  BATS:  69*89 

FATES:  FINAL  SACRIFICE 


ANIMAL  ID.  NO: 
NASAL  TURBINATE'LEUEL  1 


55  565 

N  N 


566  56? 

N  N 


568  569 

N  N 


570  572 

N  N 


573  574 

N  N 


NASAL  TURBINATE-LEVEL  2 


N  N 


N  N  N 


TRACHEA 

Erosion 


N 


N 


LARYNX 


N  N  N 


N  N  N  N 


PULMONARY  LYMPH  NOPE 

Heeorrha^e  3 

Lyupnocytic  Hyperplasia  1 

Macrophage  Hyperplasia 
lyeohocytic  Infiltrate 


N 


I 


LUNG 

Atelectasis 
Alveolar  Macrophages 
Terminal  Broncmoiar  Fit-ro  4 

Mineralisation  1 


1  -  1 

1 

3  3  4 

1 


1  *  1 

4  3  3  3 

1111 


HEART 

Lyephocvtic  Infiltrate 


N 


EYE 


N  N  N  N  N  N  N 
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THE  EFFECTS  OF  SUBCHSONIC  EXPOSURES 
10  RED  PHOSPHORUS/BUTYL  RURPER 
(RP/BR)  COMBUST  ION  PRODUCTS 


Tabulated  Animal  Data 


PROJECT  ID:  221-010  GROUP:  C3  SEX:  HALE 

FATES:  FINAL  SACRIFICE 


DAYS:  69-69 


ANIMAL  ID.  HO! 


55  505  566  567  566  569  570  S?*5 


KIDNEY 

Hyaline  Cists 
Tubular  Hyperplisn 
Piqaent 


1111111 

111111* 


adrenal 


hhnhnnnhnn 


LIVER 

Irifhaiiuort 
Lyipnocyue  Infiltrate 


1  1 


N  N 


ESOPHAGUS 


NNNNNNNNNN 


SIOHACH 

E::folr.tM  Cells 


H  N  N  N  N  N  N  N 

1  -  1 


DUODENUM 


MNNNNNNNNN 


URINARY  PLAIDER 
Lyapiiocytic  Ir.l  x  Hr  ate 


N  N  N  N  N  N  N  N  N 

. 1 


TESTIS 


NNNNNNNNNN 


THE  EFFECTS  OF  SUBCHRONIC  EXPOSURES 
TO  RED  PHOSPHORUS/BUIYl  RUBBER 
(RP/BR)  COMBUST  ION  PRODUCTS 


Tabulated  Animal  Data 


PROJECT  ID:  221-010  GROUP:  C3  SEX:  MALE  DAYS:  80-89 

FATES:  FINAL  SACRIFICE 


ANIMAL  ID.  NO:  575  576 

NASAL  TURBINATE-LEVEL  1  N  H 


NASAL  IURBINATE-LEUEL  2  N  N 


TRACHEA  N  N 


LARYNX  N  N 


PULMONARY  LYMPH  NODE 
Lyipnocytic  Hvperpl a 


LUNG 

Atelectasis  ] 

Terunal  Bronchidar  Fibre  3  4 

Mineralisation  -  l 

HEART  N  N 

EYE  ri  N 

KIDNEY  H 

Hyaline  Casts  -  1 

Tubular  Hyperplasia  -  1 


N 


ADRENAL 


N 


ivy\Tvif.>w  »  w.wii'Wiy  ru»v 


Tu-rv  *  v  •«r-'v  n  wrwir!rw  J*nt»r»LirwjJnr-fT.:*’ir  W2fW^-M  n  m.n  *  n<i 


THE  EFFECTS  OF  SUBCHRONIC  EXPOSURES 
TO  FEU  PHOSPHORUS/BUTYL  RUBBER 
(RP/'BR)  COMBUSTION  PRODUCTS 


Tabu  lated  Art  imal  Data 


PROJECT  ID:  221-010  GROUP:  C3  SEX:  HALE 

FATES:  FINAL  SACRIFICE 


DAYS:  89-89 


ANIMAL  ID.  NO: 

LIVER 

lyaphocytic  Infiltrate 


ESOPHAGUS 


STOMACH 


N  \i 


DUODENUM 


N  N 


URINARY  BLADDER 


N  N 


TESTIS 


N  N 
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TABULATED  ANIMAL  DATA 

RECOVERY  SACRIFICE 


ANIMAL  ID.  NO: 
NASAL  TURBINATE-LEVEL  1 


626.  627  628  629  630  631  632  633  634  63 


N  N 


N  N  N 


N  N 


NASAL  TURBINAIE-LEVEL  2 
Heiorrha^e 


N  N  N  N  N  N 

1  -  -  1  -  -  -  -  1 


TRACHEA 

LARIN* 


N  N  N  N  N  N  N  N  N  N 

NNNNNNNNNN 


PULMONARY  LYMPH  NODE 
Heiorrhane 

Lyaohocytxc  Hyperplas: a 
EJeij 

Lyephocytic  Infiltrate 


LUNG 

Atelectasis 
Heiorrha?e 
Alveolar  Macrophages 
Interstitial  Inf laaeatiori 
Eosinophilic  Infiltrate 
Autolysis 


HEART 

Lyaphocyttc  Infiltrate 


N  N  N  N  N  N  N 

1 . 1  1 


N  N  N  N  N  N  N  N  N  N 
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IHE  EFFECTS  OF  SUBCHRONIC  EXPOSURES 
TO  RED  PHOSPHORUS/BUTYL  RUBBER 
(RP/BR)  COMBUST  ION  PRODUCTS 
RECOVERT  SACRIFICE  CROUP 


Tabulated  Animal  Data 


PROJECI  id:  2:1-010  GROUP:  CO  - SEX:  HALE -  - DAYS:  145*145 

fates:  final  sacrifice 


AHIHAL  ID.  NO: 

KIDNEY 

Hyaline  Casts 
Tubular  Hyperplasia 


ADRENAL 


LIVER 


ESOPHAGUS 


626  627 

1  1 

1  1 

N  N 

N  N 

N  N 


628  629  630  631  632 

11111 

11111 

N  N  N  N  N 

N  N  N  N  N 

N  N  N  N  N 


633  634  635 

1  1  1 

1  1  1 

N  N  N 

N  N  N 

ANN 


STOMACH 

Exfoliated  Cells 
Cystic  Glands 


N  N 


1 


N  N  N  N  N  N 


DUODENUM 


N 


URINARY  BLADDER 
Concretion 


tl  N  N 


N  N  N  N  N  N 


TESTIS 


N 
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THE  EFFECTS  OF  SUBCHRONIC  EXPOSURES 
TO  RED  PHOSPHORUS/BUTYL  RUBBER 
(RP/BR)  COMBUSTION  PRODUCTS 
RECOVERY  SACRIFICE  GROUP 

> 


Tabulated  An i ma 1  Data 


_ PROJECT-ID:  221-010 - GROUP:  CO  SEX:  HALE  DAYS:  145-145 

FATES!  FINAL  SACRIFICE 


ANIMAL  ID.  NO:  636  661 

NASAL  TURBINATE-LEVEL  1  N  N 

NASAL  TURBINATE-LEVEL  2  N  N 


TRACHEA 


N 


-  LARYNX 


N 


PULMONARr  LYMPH  NOPE 

Lyephoeytic  hyoerolasia  1  2 

Edna  2  1 

LUNG 

Atelectasis  1 

Focal  Lyiphocyte  Ajgreqate  -  1 

Alveolar  Macropna?*'  -  1 


HEART  rJ 

Lyipnocytic  Infiltrate  i 


EYE 


N 


KIDNEY  N 

Hyaline  Casts  1 
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IHE  EFFECTS  OF  SUBCHRONIC  EXPOSURES 
TO  RED  PHOSPHOEUS/BUIYL  RUDDER 
(RP/BR)  COMBUSTION  PRODUCTS 
RECOVERY  SACRIFICE  GROUP 


Tabulated  Animal  Data 


PROJECT  ID:  221-010 _ GRQUPi-CO - SEX!  HALE  —BAYS  11 45-145 

FATES:  FINAL  SACRIFICE 


ANIMAL  ID.  NO:  036  661 

ADRENAL  N  N 

LIVER  N 

Lyephocytic  Infiltnte  -  1 

ESOPHAGUS  N  N 

STOMACH  N  N 

DUODENUM  N  N 

URINARY  BLADDER  N 

TESTIS  H  N 
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THE  EFFECTS  OF  SUBCHRONIC  EXPOSURES 
TO  RED  PHOSPHORUS/BUIYl  RUBBER 
(RP/BR)  CQHRUSTION  PRODUCTS 
RECOVERY  SACRIFICE  GROUP 


Tabulate 

d 

Animal 

Data 

PROJECT  in:  221-010  GROUP:  C2  _ SEX:  HALE- 

fates:  final  sacrifice 

— 

_ DAYS: 

145-U 

5 

— 

— 

3 

ANIMAL  ID.  NO: 

038 

639 

640 

641  642 

643 

644 

645 

646 

i 

647 

NASAL  TURBINATE-LEVEL  1 

N 

N 

N 

N 

N 

N 

N 

N 

N 

Eosinophil::  Globules) 

“ 

• 

“ 

• 

“ 

1 

“ 

“ 

• 

“ 

NASAL  TURBINATE-LEVEL  2 

N 

N 

N 

N 

N 

N 

N 

N 

N 

N 

TRACHEA 

N 

N 

N 

N 

N 

N 

N 

N 

N 

N 

LARYNX 

N 

N 

N 

N 

N 

N 

N 

N 

N 

N 

PULMONARY  LYMPH  NODE 

N 

N 

Heiorrhaqe 

- 

1 

- 

l 

- 

3 

- 

3 

Lynphocytic  Hyperplasia 

M 

1 

- 

- 

1 

• 

- 

- 

- 

Hjcropnrii  Hyperplasia 

• 

1 

- 

- 

- 

- 

- 

• 

- 

Pneer.t 

- 

- 

- 

- 

- 

7 

- 

2 

Eden 

“ 

* 

1 

1 

** 

1 

1 

** 

LUNG 

Atelectasis 

- 

- 

- 

1 

1 

- 

- 

- 

- 

Heiorrhi?e 

- 

- 

- 

- 

- 

- 

1 

- 

1 

Focal  Lyiohocyte  Ao^regate 

it 

- 

- 

- 

- 

- 

- 

- 

- 

Alveolar  Macrophages 

- 

1 

- 

- 

1 

1  ' 

- 

Interstitial  Inflanation 

it 

- 

- 

- 

•• 

- 

- 

- 

- 

Terminal  Bronchaolar  Fitro 

1 

1 

M 

<■> 

0 

it 

2 

I 

1 

t* 

Eosihoohilic  Infiltrate 

2 

- 

- 

- 

- 

- 

- 

- 

- 

I 
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THE  EFFECTS  OF  SUBCNRONIC  EXPOSURES 
TO  RED  PHOSPHORUS/BUIYL  RUBBER 
(RP/8R)  COMBUSTION  PRODUCTS 
RECOVERY  SACRIFICE  GROUP 


tabulated  Animal  Data 


PROJECT  ID:  221-010  GROUP:  C2  SEX:  hALE  DAYS:  M5-145 

fates:  final  sacrifice _ 


ANIHAl  ID.  NO;  638  639  640  641  642  643  644  645 

OTHER  TISSUES  AND  LESIONS! 

MHriflMMtien  . 2 


THE  EFFECTS  OF  SUKHkONIC  EXPOSURES 
TO  RED  PHQSPHQRUS/RUTYL  RUBBER 
(RP.'BR)  COMBUSTION  PRODUCTS 
RECOVERY  SACRIFICE  GROUP 


Tabu 1 abed 

Animal  Data 

PROJECT  ID:  221-010  GROUP:  C2  SEX:  MALE 

FATES:  FINAL  SACRIFICE 

DAYS:  US- 145 

■ 

ANIMAL  ID.  NO! 

NASAL  TURBINATE-LEVEL  1 
Autolysis 


GAS  673 

N 

P 


NASAL  IURBINAIE-LE'.'EL  3 
Auto I VS IS 


IRACHEA 

Autolysis 


LARYNX 

Autolysis 


PULMONARY  LYMPH  HCBE 
Heaorrh»e 
Edeas 

Autci-'SIS 


LUNG 

lerainil  Rrorichiolsr  Fibre 
Auto lysis 


159 


THE  EFFECTS  OF  SUBCNRONIC  EXPOSURES 
TO  PEI)  PHOSPHORUS/PUm  RUBBER 
(RP/BR)  COMBUSTION  PRODUCTS 
RECOVERY  SACRIFICE  GROUP 


Tabulated  Animal  Data 


PROJECT  ID:  221-010  GROUP:  C3  SEX:  HALE 

fates:  final  sacrifice 


DATs:  145*145 


ANlhAl  10.  NO: 


650  SSI  652  6S3  654  655  656  657  650  660 


NASAL  TURBINATE-LEV£L  I 
Henorrime 


N  N  N  N  N  N 


NASAL  tURPlNAIKEUEl  2 

Hetorrh^e 


N  N  N 


N  N 


TRACHEA 


N  H  N  N  N  N  N  N  N  N 


LARYNX 


NNNNNNNNNN 


pulmonary  lymph  node 
Netorrhne 

Lyaphocytic  Hyperpl  ass  a 
Hacrophige  Hyper  ol  3$ ;« 
Edet) 


1  3 


LUNG 

Atelectssis 

Heaorrhige 

teraitiil  Pronchiolir  Fit-ro 
Nirieralisatjof. 


nnnnnnnnnn 


NNNNNNNNNH 
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ANIMAL  II'.  NO: 

KIDHEY 

H/ihne  Cists 
Iubulir  Hvperphsn 


650  651  652  653  654  655  656  657  655  660 


1111111 

1111*11 


ADRENAL 

Accessory  Cor t ml  tissue 


N  H  N  N  N  N 

f  *  -  f- 


LIVER 

InfhMitiori 
lyiphocyuc  Ir.fjltnte 


N  N 


ESOPHAGUS 


KNNNNNNNNN 


SIONACH 

E:;folii*«<l  Cells 
Cystic  Ohr.js 


N  H  N  N  N  N 


DUODENUM 


nnnnnnnhnn 


URINARY  PIADPER 
Concretion 


N  NNNNNNNN 

f . 


IESIIS 


NNNNNNNNNN 
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THE  EFFECTS  OF  SUBCHRONIC  EXPOSURES 
TO  RED  PHOSPHORUS/BUTYL  RUBBER 
<RP/BR)  COMBUSTION  PRODUCTS 
RECOVERY  SACRIFICE  GROUP 


Tabu lated 

Animal  Data 

PROJECT  ID:  221-010  GROUP:  C3  SEX:  MALE 

DAYS:  145-145 

— tHUbi-tiNftt  iMlXitlU -  -  ,1 

ANIHAL  ID.  NO:  650  651  652  653  654  655  656  657  658  660 


OTHER  TISSUES  AND  LESIONS: 

PREPUTIAL  GLAND- Inf  hint  ion  . 4 
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IHE  EFFECTS  OF  SUBCHRONIC  EXPOSURES 
10  REP  PHOSPHORUS/BUIYL  RUBBER 
<RP/BR)  COMBUSTION  PROPUCIS 
RECOVERY  SACRIFICE  GROUP 


Tabulated  Aril  m3 1  Data 


PROJECT  ID:  221*010  GROUP:  C3  SEX:  MALE  _  DAYS:  145-145 

FATES:  FINAL  SACRIFICE 


ANIMAL  ID.  NO: 
NASAL  TURBINATE-LEVEL  1 


685 

N 


692 

N 


NASAL  TURBINATE-LEVEL  2 


N  N 


TRACHEA 


N  N 


LARYNX 

Miner  alisation 


PULMONARY  LYMPH  NGI'E 
He»orrha?e 

lyiphocytic  Hyperplasia 
Hacropnaqe  Hyperplasia 
Edea*  a 


1  1 

I 

1  2 


LUNG 

Teraioal  Bronchiolar  Fit-ro 
Mineralisation 


HEART 


N  N 


EYE 


KIDNEY 

Hyaline  Casts 
Tubular  Hyperplasia 
Lyiphocytic  Infiltrate 
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THE  EFFECTS  OF  SUBCHRONIC  EXPOSURES 
IQ  RED  PHOSPHORUS/BUTYL  RUBBER 
(RP/BR)  COMBUSTION  PRODUCTS 
RECOVERY  SACRIFICE  GROUP 


PROJECT  ID:  221*010 


Tabulated  Animal  Data 


GROUP:  C3  SEXIJIALE  DAYJL 145-145 

FATES.*  FINAL  SACRIFICE 


ANIMAL  ID.  NO:  665  692 

ADRENAL  N  N 

LIVER  N  N 

ESOPHAGUS  N  N 

STOMACH  N  N 

DUODENUM  N  N 

URINARY  BLADDER  N  N 

TESTIS  H  N 
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TABULATED  ANIMAL  DATA 

SPONTANEOUS  DEATHS 
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THE  EFFECTS  OF  SUBCHRONIC  EXPOSURES 
TO  RED  PHOSPHORUS /BUI YL  RUBBER 
(RP/BR)  COMBUSTION  PRODUCTS 


Tabulated  Animal  Data 


PROJECT  IB:  221-010  GROUP:  CO _  SEX:  HALE 

~  FATES:  SPONTANEOUS  DEATH 


DAYS:  71-125 


ANIMAL  ID.  NO: 


NASAL  TURBINATE-LEVEL  1 


NASAL  IURBINAIE-LEVEL  0 
Autolysis 


TRACHEA 

Autolysis 


LARYNX 

Autolysis 


PULMONARY  LYMPH  NODE 
Heaorrhaie 


LUNG 

Heaorrhage 
Alveolar  Macrophages 
Congestion 
Auto 1 vs  is 


85  160 


N  N 
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THE  EFFECTS  OF  SUBCHRONIC  EXPOSURES 
TO  RED  PHOSPHORUS/BUTYL  RUBBER 
(RP/BR)  COMBUSTION  PRODUCTS 


Tabulated  Animal  Data 


PROJECT  ID:  221-010  GROUPIES _  JEX:  HALE _ DAYS:  107-107  _ 

FATES:  SPONTANEOUS  DEATH 


ANIMAL  ID.  NO:  172 

NASAL  TURBINATE-LEVEL  1  N 


NASAL  TURBINATE-LEVEL  2  N 


TRACHEA 

Autolysis  P 


LARYNX 

Autolysis  P 


PULMONARY  LYMPH  NODE 
Heaorrh33e 
Pi  writ 


LUNG 

He^orrHa^e 

leriiiriil  Bronchiole  Fibre 
Conqestion 


THE  EFFECTS  OF  SUBCHRONIC  EXPOSURES 
TO  RED  PHOSPHORUS, 'BUIYL  RUBBER 
(RP/BR)  COMBUSTION  PRODUCTS 


Tabulated  Animal  Data 


project  »r.  cn-oio  group:  C3  sex:  male 

_ FATES:  SPONTANEOUS  DEATH  — 


DAYS:  51-78 


ANIMAL  ID.  NO: 


13S  186  331 


NASAL  TURBINATE-LEVEL  1 


N  N  N 


NASAL  TURBINATE-LEVEL 


N  N  N 


TRACHEA 


N  N 


LARYNX 

Erosion 

InflaMition 


2  3 

3 


PULMONARY  LYMPH  NODE 
Heiorrhwe 
Pisaent 
Edeaa 


LUNG 

Heiorrhw 

Alveolar  hacropnj?es 
Teriinal  Bronchioljr  Fibro 
Congestion 
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HISTOPATHOLOGY  INCIDENCE  TABLE 
SPECIAL  STAINS 


HISTOPATHOLOGY  INCIDENCE  TABLE  (SPECIAL  STAINS) 


CORRELATION  OF  GROSS  AND  MICRO  TABLES 
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THE  EFFECTS  OF  SUBoHRONIC  EXPOSURES 
TO  RED  PHOSPHORUS /BUTYL  RUBBER 
(RP/BR)  COMBUSTION  PRODUCTS 


Correlation  of  Gjross  6*  M  icro 


PROJECT  ID:  221-010  GROUP:  CO  SEX:  MALE  DAYS:  89-8 

PAGE  1 

FATES:  FINAL  SACRIFICE 


ANIMAL  NO:  529  PATHOLOGIST:  WOI 

DAYS  ON  TEST:  89 

ANIMAL  FATE:  FINAL  SACRIFICE 

REFERENCE  TO  NECROPSY  RECORD:  RELATED  HISTOPATHOLOGY : 

>NO  OBSERVABLE  ABNORMALITIES.  NOT  APPLICABLE 


ANIMAL  NO:  530  PATHOLOGIST:  WOI 

DAYS  ON  TEST:  8S 

ANIMAL  FATE:  FINAL  SACRIFICE 

REFERENCE  TO  NECRGFSY  RECORD:  RELATED  HISTOPATHC” ,'v: 

>NO  OBSERVABLE  ABNORMALITIES.  NOT  APPLICABLE 


ANIMAL  NO:  531  PATHOLOGIST:  WOI 

DAYS  ON  TEST:  89 

ANIMAL  FATE:  FINAL  SACRIFICE 

REFERDJCE  TO  NECROPSY  RECORD:  RELATED  HISTOPATHOLOGY: 

>N0  OBSERVABLE  ABNORMALITIES.  NOT  APPLICABLE 


ANIMAL  NO:  53  2  PATHOLOGIST:  WOI 

DAYS  OK  TES  :  89 

ANIMAL  FATE:  FINAL  SACRIFICE 


REFERENCE  TO  NECROPSY  RECORD: 

> THYMUS :  Scattered  Dark  Red  Foci 


RELATED  HISTOPATHOLOGY: 
THYMUS-  Hemorrhage 


THE  EFFECTS  OF  SUBCHRONIC  EXPOSURES 
TO  RED  PHOSPHORUS /BUTYL  RUBBER 
(RP/BR)  COMBUSTION  PRODUCTS 


Correlation  of  Gross  &  Micro 


PROJECT  ID:  221-010  GROUP:  CO  SEX:  MALE  DAYS:  89-89 

PAGE  2 

FATES:  FINAL  SACRIFICE 


ANIMAL  NO:  533  PATHOLOGIST:  WOI 

DAYS  ON  TEST:  89 

ANIMAL  FATE:  FINAL  SACRIFICE 

REFERENCE  TO  NECROPSY  RECORD:  RELATED  HISTOPATHOLOGY : 


> LUNG  :  Lett,  Scattered  Red  Foci  NO  COROLLARY  CHANGE  DETECTED 


ANIMAL  NO:  534  PATHOLOGIST:  WOI 

DAYS  ON  TEST;  39 

ANIMAL  FATE:  FINAL  SACRIFICE 

REFERENCE  TO  NECROPSY  RECORD:  RELATED  HISTOPATHOLOGY; 

>  MANDIBULAR  LYMPH  NODE-  Dk.  Red  MANDIBULAR  LYMPH  NODE- 

Heroorrhage 


ANIMAL  NO:  535  PATHOLOGIST:  WOI 

DAYS  ON  TEST:  89 

AN IMAL  FATE:  FINAL  SACRIFICE 

REFERENCE  TO  NECROPSY  RECORD:  RELATED  HISTOPATHOLOGY: 

>  NO  OBSERVABLE  ABNORMALITIES.  NOT  APPLICABLE 


ANIMAL  NO:  S3B  PATHOLOGIST:  WOI 

DAYS  ON  TEST:  89 

ANIMAL  FATE:  FINAL  SACRIFICE 

R.  TERENCE  TO  NECROPSY  RECORD:  RELATED  HISTOPATHOLOGY: 

> NO  OBSERVABLE  ABNORMALITIES. 


NOT  APPLICABLE 


THE  EFFECTS  OF  SUBCHRONIC  EXPOSURES 
TO  RED  PHOSPHORUS /BUTYL  RUBBER 
(RP/BR)  COMBUSTION  PRODUCTS 


Correlation  of  Gross  Sc  Micro 


PROJECT  ID:  221-010  GROUP:  CO  SEX:  MALE  DAYS:  89-89 

PAGE  3 

FATES:  FINAL  SACRIFICE 


ANIMAL  NO:  537 

DAYS  ON  TEST:  89 

ANIMAL  FATE:  FINAL  SACRIFICE 

REFERENCE  TO  NECROPSY  RECORD: 


>NO  OBSERVABLE  ABNORMALITIES. 


PATHOLOGIST:  W0I 

RELATED  HISTOPATHOLOGY : 

NOT  APPLICABLE 


ANIMAL  NO:  538  PATHOLOGIST:  WO I 

DAYS  ON  TEST:  P9 

ANIMAL  FATE:  FINAL  SACRIFICE 

REFERENCE  TO  NECROPSY  RECORD:  RELATED  HISTOPATHOLOGY: 

>LUNG:  Scattered  0.1  To  0.5  cm  LUNG-  Interstitial  Inflammation 

Gray  Raised  Foci 

> BLADDER :  Filled  With  Yellow  Fluid  NO  COROLLARY  CHANGE  DETECTED 


ANIMAL  NO:  539  PATHOLOGIST:  WOI 

DAYS  ON  TEST:  89 

ANIMAL  FATE:  FINAL  SACRIFICE 

REFERENCE  TO  NECROPSY  RECORD:  RELATED  HISTOPATHOLOGY: 


>N0  OBSERVABLE  ABNORMALITIES. 


NOT  APPLICABLE 


B 


I 


THE  EFFECTS  OF  SUBCHRONIC  EXPOSURES 
TO  RED  PHOSPHORUS /BUTYL  RUBBER 
(RP/BR)  COMBUSTION  PRODUCTS 


Correlation  of  Giross  Sc  Micro 


PROJECT  ID:  221-010  GROUP:  CO  SEX:  MALE  DAYS:  89-89 

PAGE  4 

FATES:  FINAL  SACRIFICE 


ANIMAL  NO:  540  PATHOLOGIST:  WOI 

DAYS  ON  TEST:  89 

ANIMAL  FATE:  FINAL  SACRIFICE 

REFERENCE  TO  NECROPSY  RECORD:  RELATED  HI STOPATHOLOGY : 


>N0  OBSERVABLE  ABNORMALITIES.  NOT  APPLICABLE 
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THE  EFFECTS  OF  SUBCHRONIC  EXPOSURES 
TO  RED  PHOSPHORUS /BUTYL  RUBBER 
(RP/BR)  COMBUSTION  PRODUCTS 


Correlation  of  Gr  os  s  Sc  Micro 


PROJECT  ID:  221-010  GROUP:  Cl  SEX:  MALE  DAYS:  89-89 

PAGE  1 

FATES:  FINAL  SACRIFICE  _ _ _ 


ANIMAL  NO:  260 

DAYS  ON  TEST:  89 

ANIMAL  FATE:  FINAL  SACRIFICE 

REFERENCE  TO  NECROPSY  RECORD: 

>NO  OBSERVABLE  ABNORMALITIES. 


PATHOLOGIST:  WOI 


RELATED  HISTOPATHOLOGY: 
NOT  APPLICABLE 


ANIMAL  NO:  541  PATHOLOGIST:  WOI 

DAYS  ON  TEST:  89 

ANIMAL  FATE:  FINAL  SACRIFICE 

REFERENCE  TO  NECROPSY  RECORD:  RELATED  HISTOPATHOLOGY: 

>NO  OBSERVABLE  ABNORMALITIES.  NOT  APPLICABLE 


ANIMAL  NO:  542  PATHOLOGIST:  WOI 

DAYS  ON  TEST:  89 

ANIMAL  FATE:  FINAL  SACRIFICE 

REFERENCE  TO  NECROPSY  RECORD:  RELATED  HISTOPATHOLOGY: 

>NO  OBSERVABLE  ABNORMALITIES.  NOT  APPLICABLE 


ANIMAL  NO:  543  PATHOLOGIST:  WOI 

DAYS  ON  TEST:  89 

ANIMAL  FATE:  FINAL  SACRIFICE 

REFERENCE  TO  NECROPSY  RECORD:  RELATED  HISTOPATHOLOGY: 

>N0  OBSERVABLE  ABNORMALITIES.  NOT  APPLICABLE 


THE  EFFECTS  OF  SUBCHRONIC  EXPOSURES 
TO  RED  PHOSPHORUS /BUTYL  RUBBER 
(RP/BR)  COMBUSTION  PRODUCTS 


Correlation  of  Gross  Si  Micro 


PROJECT  ID:  221-010  GROUP:  Cl  SEX:  MALE  DAYS:  89-89 

PAGE  2 

FATES:  FINAL  SACRIFICE 


ANIMAL  NO:  544  PATHOLOGIST:  WO  I 

DAYS  ON  TEST:  89 

ANIMAL  FATE;  FINAL  SACRIFICE 

REFERENCE  TO  NECROPSY  RECORD:  RELATED  HISTOPATHOLOGY: 

>NC  OBSERVABLE  ABNORMALITIES.  NOT  APPLICABLE 


ANIMAL  NO:  545  PATHOLOGIST:  WO  I 

DAYS  ON  TEST:  89 

ANIMAL  FATEJ:  FINAL  SACRIFICE 

REFERENCE  TO  NECROPSY  RECORD:  RELATED  HISTOPATHOLOGY : 

> NO  OBSERVABLE  ABNORMALITIES .  NOT  APPLICABLE 


ANIMAL  NO:  546  PATHOLOGIST:  WOI 

DAYS  ON  TEST:  89 

ANIMAL  FATE:  FINAL  SACRIFICE 

REFERENCE  TO  NECROPSY  RECORD:  RELATED  HISTOPATHOLOGY: 

>N0  OBSERVABLE  ABNORMALITIES.  NOT  APPLICABLE 


ANIMAL  NO:  547  PATHOLOGIST:  WOI 

DAYS  ON  TEST:  89 

ANIMAL  FATE:  FINAL  SACRIFICE 

REFERENCE  TO  NECROPSY  RECORD:  RELATED  HISTOPATHOLOGY: 

> MANDIBULAR  LYMPH  NODE-  Red  MANDIBULAR  LYMPH  NODE-  Hemorrhage 
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THE  EFFECTS  OF  SUBCHRONIC  EXPOSURES 
TO  RED  PHOSPHORUS /BUTYL  RUBBER 
(RP/BR)  COMBUSTION  PRODUCTS 


Correlati.  on 

o  f  Gross  St  Micro 

PROJECT  ID:  221-010  GROUP:  Cl 

PAGE  3 

FATES:  FINAL  SACRIFICE 

SEX:  MALE  DAYS:  89-89 

ANIMAL  NO:  548 

DAYS  ON  TEST:  89 

ANIMAL  FATE:  FINAL  SACRIFICE 

PATHOLOGIST: 

HOI 

REFERENCE  TO  NECROPSY  RECORD: 

>NO  OBSERVABLE  ABNORMALITIES. 

RELATED  HISTOPATHOLOGY : 

NOT  APPLICABLE 

-----  -  --■ 

ANIMAL  NO:  549 

DAYS  ON  TEST:  89 

ANIMAL  FATE:  FINAL  SACRIFICE 

REFERENCE  TO  NECROPSY  RECORD: 

>NO  OBSERVABLE  ABNORMALITIES. 

PATHOLOGIST: 

RELATED  HISTOPATHOLOGY: 

NOT  APPLICABLE 

WO  I 

ANIMAL  NO:  551 

DAYS  ON  TEST:  89 

ANIMAL  FATE:  FINAL  SACRIFICE 

REFERENCE  TO  NECROPSY  RECORD: 

>NO  OBSERVABLE  ABNORMALITIES. 

PATHOLOGIST: 

RELATED  HISTOPATHOLOGY: 

NOT  APPLICABLE 

WO  I 

ANIMAL  NO:  552 

DAYS  ON  TEST:  89 

ANIMAL  FATE:  FINAL  SACRIFICE 

REFERENCE  TO  NECROPSY  RECORD: 

>NO  OBSERVABLE  ABNORMALITIES. 

PATHOLOGIST: 

RELATED  HISTOPATHOLOGY: 

NOT  APPLICABLE 

WO  I 
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THE  EFFECTS  OF  SUBCHRONIC  EXPOSURES 
TO  RED  PHOSPHORUS /BUTYL  RUBBER 
(RF/BR)  COMBUSTION  PRODUCTS 


Correlation  of  Gross  St  Micro 


PROJECT  ID:  221-010  GROUP:  C2  SEX:  MALE  DAYS:  89-89 

PAGE  1 

FATES:  FINAL  SACRIFICE  _ _ 


ANIMAL  NO:  553  PATHOLOGIST:  WOI 

DAYS  ON  TEST:  89 

ANIMAL  FATE:  FINAL  SACRIFICE 

REFERENCE  TO  NECROPSY  RECORD:  RELATED  HISTOPATHOLOGY: 

>N0  OBSERVABLE  ABNORMALITIES.  NOT  APPLICABLE 


ANIMAL  NO:  554  PATHOLOGIST:  WOI 

DAYS  ON  TEST:  89 

ANIMAL  FATE:  FINAL  SACRIFICE 

REFERENCE  TO  NECROPSY  RECORD:  RELATED  HISTOPATHOLOGY: 

>N0  OBSERVABLE  ABNORMALITIES.  NOT  APPLICABLE 


ANIMAL  NO:  555  PATHOLOGIST:  WOI 

DAYS  ON  TEST:  09 

ANIMAL  FATE-  FINAL  SACRIFICE 

REFERENCE  Tv  NECROPSY  RECORD;  RELATED  HISTOPATHOLOGY: 

/NO  OBSERVABLE  ABNORMALITIES .  NOT  APPLICABLE 


ANIMAL  NO:  556  PATHOLOGIST:  WOI 

DAYS  ON  TEST:  89 

ANIMAL  FATE:  FINAL  SACRIFICE 

REFERENCE  TO  NECROPSY  RECORD:  RELATED  HISTOPATHOLOGY: 

>N0  OBSERVABLE  ABNORMALITIES.  NOT  APPLICABLE 
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THE  EFFECTS  OF  SUBCHRONIC  EXPOSURES 
TO  RED  PHOSPHORUS /BUTYL  RUBBER 
(RP/BR)  COMBUSTION  PRODUCTS 


Correlation  of  Gross  &  Micro 


PROJECT  ID:  221-010  GROUP:  C2  SEX:  MALE  DAYS:  89-89 

PAGE  2 

FATES:  FINAL  SACRIFICE 


ANIMAL  NO;  557  PATHOLOGIST;  WOI 

DAYS  ON  TEST:  89 

ANIMAL  FATE:  FINAL  SACRIFICE 

REFERENCE  TO  NECROPSY  RECORD:  RELATED  H I STOPATHO LOG Y ; 

>NO  OBSERVABLE  ABNORMALITIES.  NOT  APPLICABLE 


ANIMAL  NO:  558  PATHOLOGIST:  WOI 

DAYS  ON  TEST:  89 

ANIMAL  FATE:  FINAL  SACRIFICE 

REFERENCE  TO  NECROPSY  RECORD:  RELATED  H1STOPATHOLOGY : 

>NO  OBSERVABLE  ABNORMALITIES.  NOT  APPLICABLE 


ANIMAL  NO:  559  PATHOLOGIST:  WOI 

DAYS  ON  TEST:  89 

ANIMAL  FATE:  FINAL  SACRIFICE 

REFERENCE  TO  NECROPSY  RECORD:  RELATED  HISTOPATHOLOGY: 

>THYMUS:  Scattered  Dark  Red  THYMUS-  Hemorrhage 

Pinpoint  Foci 


ANIMAL  NO:  560  PATHOLOGIST;  WOI 

DAYS  ON  TEST:  89 

ANIMAL  FATE:  FINAL  SACRIFICE 

REFERENCE  TO  NECROPSY  RECORD:  RELATED  HISTOPATHOLOGY: 

>N0  OBSERVABLE  ABNORMALITIES.  NOT  APPLICABLE 
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THE  EFFECTS  OF  SUBCHRONIC  EXPOSURES 
TO  RED  PHOSPHORUS /BUTYL  RUBBER 
(RP/BR)  COMBUSTION  PRODUCTS 


Correlation  of  Gross  6*  Micro 


PROJECT  ID:  221  010  GROUP:  C2  SEX:  MALE  DAYS:  09-89 

PAGE  3 

FATES:  FINAL  SACRIFICE 


ANIMAL  NO:  561  PATHOLOGIST:  WOI 

DAYS  ON  TEST:  09 

ANIMAL  FATE:  FINAL  SACRIFICE 

REFERENCE  TO  NECROPSY  RECORD:  RELATED  HISTOPATHOLOGY: 

> MANDIBULAR  LYMPH  NODE:  Dark  Red  MANDIBULAR  LYMPH  NODE-  Hemorrhage 


ANIMAL  NO:  562  PATHOLOGIST:  WOI 

DAYS  ON  TEST:  89 

ANIMAL  FATE:  FINAL  SACRIFICE 

REFERENCE  TO  NECROPSY  RECORD:  RELATED  HISTOPATHOLOGY: 

>  NO  OBSERVABLE  ABNORMALITIES .  NOT  APPLICABLE 


ANIMAL  NO:  563  PATHOLOGIST:  WOI 

DAYS  ON  TEST:  89 

ANIMAL  FATE:  FINAL  SACRIFICE 

REFERENCE  TO  NECROPSY  RECORD:  RELATED  HISTOPATHOLOGY: 

>N0  OBSERVABLE  ABNORMALITIES.  NOT  APPLICABLE 


ANIMAL  NO:  564  PATHOLOGIST:  WOI 

DAYS  ON  TEST:  89 

ANIMAL  FATE:  FINAL  SACRIFICE 

REFERENCE  TO  NECROPSY  RECORD:  RELATED  HISTOPATHOLOGY: 

>N0  OBSERVABLE  ABNORMALITIES.  NOT  APPLICABLE 


THE  EFFECTS  OF  SUBCHRONIC  EXFOSURES 
TO  RED  PHOSPHORUS /BUTYL  RUBBER 
(RP/BR)  COMBUSTION  PRODUCTS 


Correlation  ©  ±“  Gross  £<  Miero 


PROJECT  ID:  221-010  GROUP:  C3  SEX:  MALE  DAYS:  89-89 

PAGE  1 

_ FATES  .-  FINAL  SACRIFICE - 


ANIMAL  NO:  55  PATHOLOGIST:  WO  I 

DAYS  ON  TEST:  89 

ANIMAL  FATE:  FINAL  SACRIFICE 

REFERENCE  TO  NECROPSY  RECORD:  RELATED  HISTOPATHOLOGY : 

>NO  OBSERVABLE  ABNORMALITIES.  NOT  APPLICABLE 


ANIMAL  NO:  5*5  PATHOLOGIST:  W0I 

DAYS  ON  TEST:  89 

ANIMAL  FATE:  FINAL  SACRIFICE 

REFERENCE  TO  NECROPSY  RECORD:  RELATED  HISTOPATHOLOGY: 

>N0  OBSERVABLE  ABNORMALITIES.  NOT  APPLICABLE 


ANIMAL  NO:  566  PATHOLOGIST:  WO  I 

DAYS  ON  TEST:  89 

ANIMAL  FATE:  FINAL  SACRIFICE 

REFERENCE  TO  NECROPSY  RECORD:  RELATED  HISTOPATHOLOGY: 

>N0  OBSERVABLE  ABNORMALITIES.  NOT  APPLICABLE 


ANIMAL  NO:  56?  PATHOLOGIST:  WOI 

DAYS  ON  TEST:  89 

ANIMAL  FATE:  FINAL  SACRIFICE 

REFERENCE  TO  NECROPSY  RECORD:  RELATED  HISTOPATHOLOGY: 

>N0  OBSERVABLE  ABNORMALITIES.  NOT  APPLICABLE 
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THE  EFFECTS  OF  SUBCHRONIC  EXPOSURES 
TO  RED  PHOSPHORUS /BUTYL  RUBBER 
(RP/BR)  COMBUSTION  PRODUCTS 


Cor  re  lation  of  Gross  &  Micro 


PROJECT  ID:  221-010  GROUP:  C3  SEX:  MALE  DAYS:  89-89 

PACE  2 

FATES :  FINAL  SACRIFICE 


ANIMAL  NO:  568  -  PATHOLOGIST:  WO  I 

DAYS  ON  TEST:  89 

ANIMAL  FATE;  FINAL  SACRIFICE 

REFERENCE  TO  NECROPSY  RECORD:  -  RELATED  HTSTOPATHOLOGY : 

>N0  OBSERVABLE  ABNORMALITIES.  NOT  APPLICABLE 


ANIMAL  NO:  569  PATHOLOGIST:  WO I 

DAYS  ON  TEST:  89 

ANIMAL  FATE:  FINAL  SACRIFICE 

REFERENCE  TO  NECROPSY  RECORD:  RELATED  HISTOPATHOLOGY : 

>N0  OBSERVABLE  ABNORMALITIES.  NOT  APPLICABLE 


ANIMAL  NO:  570 

DAYS  ON  TEST:  89 

ANIMAL  FATE:  FINAL  SACRIFICE 

REFERENCE  TO  NECROPSY  RECORD: 

>N0  OBSERVABLE  ABNORMALITIES. 


ANIMAL  NO:  572 

DAYS  ON  TEST:  89 

ANIMAL  FATE:  FINAL  SACRIFICE 

REFERENCE  TO  NECROPSY  RECORD: 

>N0  OBSERVABLE  ABNORMALITIES. 


PATHOLOGIST:  WO I 

RELATED  HISTOPATHOLOGY: 

NOT  APPLICABLE 


PATHOLOGIST:  WO I 

RELATED  HISTOPATHOLOGY: 

NOT  APPLICABLE 
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THE  EFFECTS  OF  SUBCHRONIC  EXPOSURES 
TO  RED  PHOSPHORUS /BUTYL  RUBBER 
(RP/BR)  COMBUSTION  PRODUCTS 


Gross 

St  Micro 

PROJECT  ID;  221-010  GROUP:  C3 

PAGE  3 

FATES:  FINAL  SACRIFICE 

SEX:  MALE 

DAYS :  89-89 

ANIMAL  NO:  573  PATHOLOGIST:  MO  I 

DAYS  ON  TEST:  89 

ANIMAL  FATE:  FINAL  SACRIFICE 

REFERENCE  TO  NECROPSY  RECORD:  RELATED  HI STOPATHOLOGY : 

>N0  OBSERVABLE  ABNORMALITIES.  NOT  APPLICABLE 


ANIMAL  NO:  574  PATHOLOGIST:  MO  I 

DAYS  ON  TEST:  89 

ANIMAL  FATE:  FINAL  SACRIFICE 

REFERENCE  TO  NECROFSY  RECORD:  RELATED  H 1  STOPATHOLOGY : 

HUNG:  Mottled,  Grayish  LUNG-  Terminal  Bronchiolar 

Fibrosis 


ANIMAL  NO:  575  PATHOLOGIST:  MO  I 

DAYS  ON  TEST:  89 

ANIMAL  FATE:  FINAL  SACRIFICE 

REFERENCE  TO  NECROPSY  RECORD:  RELATED  HI  STOPATHOLOGY: 

>N0  OBSERVABLE  ABNORMALITIES.  NOT  APPLICABLE 


ANIMAL  NO:  576  PATHOLOGIST:  MO I 

DAYS  ON  TEST:  89 

ANIMAL  FATE:  FINAL  SACRIFICE 

REFERENCE  TO  NECROPSY  RECORD:  RELATED  HI  STOPATHOLOGY: 

>N0  OBSERVABLE  ABNORMALITIES.  NOT  APPLICABLE 
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THE  EFFECTS  OF  SUBCHRONIC  EXPOSURES 
TO  RED  PHOSPHORUS /BUTYL  RUBBER 
(RP/BR)  COMBUSTION  PRODUCTS 
RECOVERY  SACRIFICE  GROUP 


Correlation  of  Giross  St  Micro 


PROJECT  ID:  221-010  GROUP:  CO  SEX:  MALE  DAYS:  145-145 

PAGE  1 

FATES :  FINAL  SACRIFICE 


ANIMrX  NO:  626  PATHOLOGIST:  WO I 

DAYS  ON  TEST:  145 

ANIMAL  FATE:  FINAL  SACRIFICE 

REFERENCE  TO  NECROPSY  RECORD:  RELATED  H I STO PATHOLOGY : 

/URINARY  BLADDER:  Calculi  In  URINARY  BLADDER-  Concretion 

Bladder 


ANIMAL  NO:  627 

DAYS  ON  TEST:  145 

ANIMAL  FATE:  FINAL  SACRIFICE 

REFERENCE  TO  NECROPSY  RECORD: 

>NO  OBSERVABLE  ABNORMALITIES. 


PATHOLOGIST:  WOI 

RELATED  HISTOPATHOLOGY: 

NOT  APPLICABLE 


ANIMAL  NO:  628 

DAYS  ON  TEST:  145 

ANIMAL  FATE.  FINAL  SACRIFICE 

REFERENCE  TO  NECROPSY  RECORD: 

>uo  observable:  ABNORMALITIES. 


PATHOLOGIST:  WOI 

RELATED  HISTOPATHOLOGY: 

NOT  APPLICABLE 


ANIMAL  NO:  629  PATHOLOGIST:  WOI 

DAYS  ON  TEST:  145 

ANIMAL  FATE:  FINAL  SACRIFICE 

REFERENCE  TO  NECROPSY  RECORD:  RELATED  HISTOPATHOLOGY: 

>NC  OBSERVABLE  ABNORMALITIES .  NOT  APPLICABLE 
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FATES:  FINAL  SACRIFICE 


ANIMAL  NO:  630  PATHOLOGIST:  WOI 

DAYS  ON  TEST:  145 

ANIMAL  FATE:  FINAL  SACRIFICE 

REFERENCE  TO  NECROPSY  RECORD:  RELATED  HISTOPATHOLOGY: 

>N0  OBSERVABLE  ABNORMALITIES.  NOT  APPLICABLE 


ANIMAL  NO:  631 

DAYS  ON  TEST:  145 

ANIMAL  FATE:  FINAL  SACRIFICE 

REFERENCE  TO  NECROPSY  RECORD: 

>N0  OBSERVABLE  ABNORMALITIES. 


ANIMAL  NO:  632 

DAYS  ON  TEST:  145 

ANIMAL  FATE:  FINAL  SACRIFICE 

REFERENCE  TO  NECROPSY  RECORD: 

>N0  OBSERVABLE  ABNORMALITIES. 


PATHOLOGIST:  WOI 

RELATED  HISTOPATHOLOGY: 

NOT  APPLICABLE 

PATHOLOGIST:  WOI 

RELATED  HISTOPATHOLOGY: 

NOT  APPLICABLE 


ANIMAL  NO:  633  PATHOLOGIST:  WOI 

DAYS  ON  TEST:  145 

ANIMAL  FATE:  FINAL  SACRIFICE 

REFERENCE  TO  NECROPSY  RECORD:  RELATED  HISTOPATHOLOGY: 

>N0  OBSERVABLE  ABNORMALITIES.  NOT  APPLICABLE 
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ANIMAL  NO:  634  PATHOLOGIST:  WO  I 

DAYS  ON  TEST:  145 

ANIMAL  FATE:  FINAL  SACRIFICE 

REFERENCE  TO  NECROPSY  RECORD:  RELATED  HISTOPATHOLOGY : 

>NO  OBSERVABLE  ABNORMALITIES.  NOT  APPLICABLE 


ANIMAL  NO:  635  PATHOLOGIST:  WO  I 

DAYS  ON  TEST :  145 

ANIMAL  FATE:  FINAL  SACRIFICE 

REFERENCE  TO  NECROPSY  RECORD:  RELATED  HISTOPATHOLOGY: 

'/NO  OBSERVABLE  ABNORMALITIES.  NOT  APPLICABLE 


ANIMAL  NO:  636  PATHOLOGIST:  WO  I 

DAYS  ON  TEST:  145 

ANIMAL  FATE:  FINAL  SACRIFICE 

REFERENCE  TO  NECROPSY  RECORD:  RELATED  HISTOPATHOLOGY: 

.'NO  OBSERVABLE  ABNORMALITIES.  NOT  APPLICABLE 


ANIMAL  NO:  661  PATHOLOGIST:  WO  I 

DAYS  ON  TEST:  145 

ANIMAL  FATE:  FINAL  SACRIFICE 

REFERENCE  TO  NECROPSY  RECORD:  RELATED  HISTOPATHOLOGY: 

>NO  OBSERVABLE  ABNORMALITIES.  NOT  APPLICABLE 


192 


THE  EFFECTS  OF  SUBCHRONIC  EXPOSURES 
TO  RED  PHOSPHORUS /BUTYL  RUBBER 
(RP/BR)  COMBUSTION  PRODUCTS 
RECOVERY  SACRIFICE  GROUP 


Cor  re  1  at  t  ±  c=>  ri  of  Giross  €c  Micro 


PROJECT  ID:  221-010  GROUP:  C2  SEX:  MALE  DAYS:  145-145 

PAGE  1 

FATES:  FINAL  SACRIFICE 


ANIMAL  NO:  638  PATHOLOGIST:  WOI 

DAYS  ON  TEST:  145 

ANIMAL  FATE:  FINAL  SACRIFICE 

REFERENCE  TO  NECROPSY  RECORD:  RELATED  HISTOPATHOLOGY : 

>N0  OBSERVABLE  ABNORMALITIES.  NOT  APPLICABLE 


ANIMAL  NO:  639  PATHOLOGIST:  WOI 

DAYS  ON  TEST:  145 

ANIMAL  FATE:  FINAL  SACRIFICE 

REFERENCE  TO  NECROPSY  RECORD:  RELATED  HISTOPATHOLOGY: 

> LUNG i  Right  Posterior,  (Small  NO  COROLLARY  CHANGE  DETECTED 

Foci ) 

>LUNG:  Left  Lung,  (Small  Foci)  NO  COROLLARY  CHANGE  DETECTED 


ANIMAL  NO:  640  PATHOLOGIST:  WOI 

DAYS  ON  TEST:  145 

ANIMAL  FATE:  FINAL  SACRIFICE 

REFERENCE  TO  NECROPSY  RECORD:  RELATED  HISTOPATHOLOGY: 

>NO  OBSERVABLE  ABNORMALITIES.  NOT  APPLICABLE 
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ANIMAL  NO:  641 

DAYS  ON  TEST:  145 

ANIMAL  FATE:  FINAL  SACRIFICE 

REFERENCE  TO  NECROPSY  RECORD: 

>N0  OBSERVABLE  ABNORMALITIES. 


PATHOLOGIST:  WO I 

RELATED  HISTOPATHOLOGY : 

NOT  APPLICABLE 


ANIMAL  NO:  642 

DAYS  ON  TEST:  145 

ANIMAL  FATE:  FINAL  SACRIFICE 

REFERENCE  TO  NECROPSY  RECORD: 

> NO  OBSERVABLE  ABNORMALITIES . 


PATHOLOGIST:  WO I 

RELATED  HISTOPATHOLOGY: 

NOT  APPLICABLE 


ANIMAL  NO:  643 

DAYS  ON  TEST:  145 

ANIMAL  FATE:  FINAL  SACRIFICE 

REFERENCE  TO  NECROPSY  RECORD: 

>FAT:  Abdominal  Necrotic  Fat 
Body ,  0.2  x  0.2  x  0.1  cm 


PATHOLOGIST:  WO I 

RELATED  HISTOPATHOLOGY: 

FAT-  Inflammation 


ANIMAL  NO:  644  PATHOLOGIST:  W0I 

DAYS  ON  TEST:  145 

ANIMAL  FATE:  FINAL  SACRIFICE 

REFERENCE  TO  NECROPSY  RECORD:  RELATED  HISTOPATHOLOGY: 

>TESTIS:  Right,  Small,  0.3  x  0.2  No  Section 

x  0 . 1  cm 
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ANIMAL  NO:  645  PATHOLOGIST:  WO  I 

DAYS  ON  TEST:  145 

ANIMAL  FATE:  FINAL  SACRIFICE 

REFERENCE  TO  NECROPSY  RECORD:  RELATED  HISTOPATHOLOGY : 

>N0  OBSERVABLE  ABNORMALITIES.  NOT  APPLICABLE 


ANIMAL  NO:  646 

DAYS  ON  TEST:  145 

ANIMAL  FATE:  FINAL  SACRIFICE 

REFERENCE  TO  NECROPSY  RECORD: 

>NO  OBSERVABLE  ABNORMALITIES. 


PATHOLOGIST:  WOI 

RELATED  HISTOPATHOLOGY: 

NOT  APPLICABLE 


ANIMAL  NO:  647 

DAYS  ON  TEST:  145 

ANIMAL  FATE:  FINAL  SACRIFICE 

REFERENCE  TO  NECROPSY  RECORD: 

>N0  OBSERVABLE  ABNORMALITIES. 


PATHOLOGIST:  WOI 

RELATED  HISTOPATHOLOGY: 

NOT  APPLICABLE 


ANIMAL  NO:  648 

DAYS  ON  TEST:  145 

ANIMAL  FATE:  FINAL  SACRIFICE 

REFERENCE  TO  NECROPSY  RECORD: 

>N0  OBSERVABLE  ABNORMALITIES. 


PATHOLOGIST:  WOI 

RELATED  HISTOPATHOLOGY: 

NOT  APPLICABLE 
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ANIMAL  NO:  673  PATHOLOGIST:  HOI 

DAYS  ON  TEST:  145 

ANIMAL  FATE:  FINAL  SACRIFICE 

REFERENCE  TO  NECROPSY  RECORD:  RELATED  HIST0PATH0L0GY : 

>NO  OBSERVABLE  ABNORMALITIES.  NOT  APPLICABLE 
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ANIMAL  NO:  650  PATHOLOGIST:  MO I 

DAYS  ON  TEST:  145 

ANIMAL  FATE:  FINAL  SACRIFICE 

REFERENCE  TO  NECROPSY  RECORD:  RELATED  HISTOPATHOLOGY: 

>N0  OBSERVABLE  ABNORMALITIES.  NOT  APPLICABLE 


ANIMAL  NO:  651 

DAYS  ON  TEST:  145 

ANIMAL  FATE:  FINAL  SACRIFICE 

REFERENCE  TO  NECROPSY  RECORD: 

>N0  OBSERVABLE  ABNORMALITIES. 


PATHOLOGIST:  WO I 

RELATED  HISTOPATHOLOGY: 

NOT  APPLICABLE 


ANIMAL  NO:  652 

DAYS  ON  TEST:  145 

ANIMAL  FATE:  FINAL  SACRIFICE 

REFERENCE  TO  NECROPSY  RECORD: 

>N0  OBSERVABLE  ABNORMALITIES. 


PATHOLOGIST:  WO I 

RELATED  HISTOPATHOLOGY: 

NOT  APPLICABLE 


ANIMAL  NO:  653 

DAYS  ON  TEST:  145 

ANIMAL  FATE:  FINAL  SACRIFICE 

REFERENCE  TO  NECROPSY  RECORD: 

>N0  OBSERVABLE  ABNORMALITIES. 


PATHOLOGIST:  WOI 

RELATED  HISTOPATHOLOGY: 

NOT  APPLICABLE 
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ANIMAL  NO:  054  PATHOLOGIST:  WO I 

DAYS  ON  TEST;  145 

ANIMAL  FATE:  FINAL  SACRIFICE 

REFERENCE  TO  NECROPSY  RECORD:  RELATED  HISTOPATHOLOGY : 

> NO  OBSERVABLE  ABNORMALITIES.  NOT  APPLICABLE 


ANIMAL  NO:  655  PATHOLOGIST:  WOI 

DAYS  ON  TEST:  145 

ANIMAL  FATE:  FINAL  SACRIFICE 

REFERENCE  TO  NECROPSY  RECORD:  RELATED  HISTOPATHOLOGY: 

> KIDNEY:  Flaccid  NO  COROLLARY  CHANGE  DETECTED 


ANIMAL  NO;  656  PATHOLOGIST;  WOI 

DAYS  ON  TEST:  145 

ANIMAL  FATE;  FINAL  SACRIFICE 

REFERENCE  Tc  NECROPSY  RECORD:  RELATED  HISTOPATHOLOGY: 

> URINARY  BLADDER :  Yellow  Fluid  In  NO  COROLLARY  CHANGE  DETECTED 
Bladder 


ANIMAL  NO:  657  PATHOLOGIST:  WOI 

DAYS  ON  TEST:  145 

ANIMAL  FATE:  FINAL  SACRIFICE 

REFERENCE  TO  NECROPSY  RECORD:  RELATED  HISTOPATHOLOGY: 

> KIDNEY :  Dilated  Pelvis;  Flaccid  NO  COROLLARY  CHANGE  DETECTED 


198 


»  a>-.  *ii 


mmmm 


mmmm 


mmmmm 


* 

THE  EFFECTS  OF  SUBCHRONIC  EXPOSURES 

TO  RED  PHOSPHORUS /BUTYL  RUBBER 
(RP/BR)  COMBUSTION  PRODUCTS 
RECOVERY  SACRIFICE  GROUP 

$ 

Correlation  ol 

Gross  Kl  iMIic: 

tr  o 

#__ 

PROJECT  IDs  221-010  GROUP j  C3 

PAGE  3 

FATES?  FINAL  SACRIFICE 

SEX:  MALE  DAYS:  145-145 

ANIMAL  NO?  656 

DAYS  ON  TEST:  145 

ANIMAL  FATE?  FINAL  SACRIFICE 

PATHOLOGIST: 

WO  I 

• 

REFERENCE  TO  NECROPSY  RECORD: 

RELATED  HISTOPATHOLOGY: 

>PREPUTIAL  GLAND:  Abscess 

PREPUTIAL  GLAND-  Inflammation 

ANIMAL  NO?  660 

DAYS  ON  TEST:  145 

ANIMAL  FATE:  FINAL  SACRIFICE 

PATHOLOGIST: 

WO  I 

• 

REFERENCE  TO  NECROPSY  RECORD: 

RELATED  HISTOPATHOLOGY: 

>N0  OBSERVABLE  ABNORMALITIES. 

NOT  APPLICABLE 

# 

ANIMAL  NO:  685 

DAYS  ON  TEST:  145 

ANIMAL  FATE:  FINAL  SACRIFICE 

PATHOLOGIST: 

WO  I 

REFERENCE  TO  NECROFSY  RECORD: 

RELATED  HISTOPATHOLOGY: 

*« 

>NO  OBSERVABLE  ABNORMALITIES. 

NOT  APPLICABLE 

<? 

ANIMAL  NO:  692 

DAYS  ON  TEST:  145 

ANIMAL  FATE:  FINAL  SACRIFICE 

PATHOLOGIST: 

WO  I 

REFERENCE  TO  NECROPSY  RECORD: 

RELATED  HISTOPATHOLOGY: 

>N0  OBSERVABLE  ABNORMALITIES. 

NOT  APPLICABLE 
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FATES;  SPONTANEOUS  DEATH 


SEX:  MALE 


DAYS;  71-125 


ANIMAL  NO:  05 

DAYS  ON  TEST;  71 

ANIMAL  FATE;  SPONTANEOUS  DEATH 

REFERENCE  TC  NECROPSY  RECORD: 

> HEART:  Enlarged;  Firm 

>LUNG.  Dark  Red 


PATHOLOGIST:  WO I 


RELATED  HIST0PATH0L0GY: 
No  Section 
LUNG-  Congestion 


> LIVER:  Dark  Red 


No  Section 


^ADRENAL:  Enlarged,  0.4  x  0.4  cm 
> JEJUNUM:  Moderately  Autolysed 
> ILEUM;  Moderately  Autolysed 


No  Section 
No  Section 
No  Section 


ANIMAL  NO;  160 

DAYS  ON  TEST:  125 

ANIMAL  FATE:  SPONTANEOUS  DEATH 

REFERENCE  TO  NECROPSY  RECORD: 


PATHOLOGIST:  WO I 


RELATED  HIST0PATH0L0GY: 


> MANDIBULAR  SALIVARY  GLAND:  Dark 
Red 


No  Section 


> MANDIBULAR  LYMPH  NODE:  Dark  Red 
> THYMUS;  Mottled  Dark  Red 
>LUNG:  Mottled  Dark  Red 


No  Section 
No  Section 
LUNG-  Congestion 


> LIVER:  Dark  Red 
> KIDNEY :  Mottled  Dark  Red 


No  Section 
No  Section 


> ADRENAL:  Red 


No  Section 


> SPLEEN:  Dark  Red 


No  Section 
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ANIMAL  NO:  160 

DAYS  ON  TEST:  125 

ANIMAL  FATE:  SPONTANEOUS  DEATH 

REFERENCE  TO  NECROPSY  RECORD; 

> INTESTINAL  TRACT:  Slightly 
Autoly sed 

> CECUM :  Gas  Filled 

> MESENTERIC  LYMPH  NODE:  Dark  Red 

>BRAIN:  Slicrhtlv  Autolvsed 


SEX:  MALE 


DAYS:  71-125 


PATHOLOGIST:  WO I 


RELATED  HISTOPATHOLOGY : 
No  Section 


No  Section 


No  Section 
No  Section 
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FATES:  SPONTANEOUS  DEATH 


ANIMAL  NO:  172  PATHOLOGIST:  WO I 

DAYS  ON  TEST:  107 

ANIMAL  FATE:  SPONTANEOUS  DEATH 

REFERENCE  TO  NECROPSY  RECORD:  RELATED  HISTOPATHOLOGY : 

> THORACIC  CAVITY :  Fool  Of  Dark  No  Section 

Red  Fluid 

>LUNG:  Multiple  Dark  Red  Areas  LUNG-  Hemorrhage 

Especially  The  Posterior  Ends  Of 
The  Right  Posterior  And  Left 
Lobes 


> HEART:  Very  Firm 

> KIDNEY:  Softer 

> URINARY  BLADDER:  Contained 
Calculi 

>CECUM:  Moderately  Bloated 


No  Section 
No  Section 
No  Section 

No  Section 
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FATES:  SPONTANEOUS  DEATH 

SEX:  MALE  DAYS:  51-78 

ANIMAL  NO:  135 

DAYS  ON  TEST:  51 

ANIMAL  FATE:  SPONTANEOUS  DEATH 

PATHOLOGIST: 

WOI 

J# 

REFERENCE  TO  NECROPSY  RECORD: 

RELATED  HIST0PATH0L0GY: 

■  - 

>LUNG:  Mottled  Dark  Red 

LUNG-  Congestion 

9 

>LIVER:  Dark  Red 

No  Section 

* 

ANIMAL  NO:  186 

DAYS  ON  TEST:  78 

ANIMAL  FATE:  SPONTANEOUS  DEATH 

REFERENCE  TO  NECROPSY  RECORD: 

PATHOLOGIST: 

RELATED  HISTOPATHOLOGY: 

WOI 

>LUNG:  Mottled  Red 

LUNG-  Congestion 

> LIVER :  Dark  Red 

> STOMACH :  Distended  And  Gas  Filled 

No  Section 

No  Section 

© 

ANIMAL  NO:  331 

DAYS  ON  TEST:  59 

ANIMAL  FATE:  SPONTANEOUS  DEATH 

PATHOLOGIST: 

WOI 

REFERENCE  TO  NECROPSY  RECORD: 

RELATED  HISTOPATHOLOGY: 

>LUNG:  Moderately  Dark  Red 

LUNG-  Congestion 

>LIVER:  Dark  Red 

No  Section 

> HEART:  Firm 

No  Section 
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IIT  PROJECT  NUI-3ER  106139 
PHASE  IV  STUDY  NO.  SO 
THE  EFFECTS  OF  SU3CHR0NIC  EXPOSURES  TO 
RED  PHOSPHORUS/BUTYL  RUBBER  (RP/BR)  COMBUSTION  PRODUCTS 
ON  VARIOUS  BIOLOGICAL  ENDPOINTS 
IN  MALE  3PRAGUE-DAWLEY  RATS 

PATHOLOGY  REPORT 
ADDENDUM 

Pneumonia  virus  of  mice  (PVK)  is  a  pneumoxirus  first  described 
in  1940.  Recent  studies  have  shown  that  it  is  of  low 
transmissability,  even  among  animals  housed  together,  and 
extremely  labile  in  the  environment.  Most  laboratory  rodents, 
including  rats,  are  susceptible.  The  characteristic  lesions 
associated  with  the  virus  are  an  acute  vasculitis  which 
develops  into  patchy  interstiti ~  pneumonia.  Perivascular 
and  peribronchiolar  accumulate  of  lymphocytes  are  also 
present.  Fibrosis  at  the  term,  .  bronchiole,  which  is  the 
primary  effect  of  RP/BR  exposure  has  not  been  reported 
with  FVM  infections.  Therefor*.,  the  lesions  produced  by 
PVM  infection  are  separate  and  distinct  from  those  which 
were  treatment-related. 

The  combination  of  lesions  produced  by  PVM  was  also  not 
present  in  the  twenty- two  rats  which  died  spontaneously 
during  the  study.  Their  death  was  not  due  to  PVM  infection. 
Congestion  and  hemorrhage  of  the  lung  were  the  most  common 
findings  in  these  animals.  The  cause  of  death  in  most  of 
these  cases  is  not  known  but  exposure  to  RP/BR  may  have  been 
a  contributing  factor. 

Three  animals  which  died  spontaneously  after  day  51  bad 
erosions  of  the  laryngeal  mucosa  with  deposits  of  fibrin  on 
the  surface.  This  fibrin  probably  partially  obstructed  the 
larynx  and  may  have  contributed  to  the  death  of  these  three 
animals.  They  were  all  in  Group  C3  and  the  lesion  is  con¬ 
sidered  related  to  RF/3R  exposure. 
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EXPERIMENTAL  PATHOLOGY  LABORATORIES.  INC 

1800  EAST  PERSHING  ROAD.  DECATUR.  ILLINOIS  62526  (217)875-3930 


September  17,  1985 


Ms.  Catherine  Aranyi 
I  IT  Research  Institute 
10  West  35th  Street 
Chicago,  IL  60616 

Dear  Catherine: 

Please  find  enclosed  a  recent  article  about  the  Von  Kossa  stain 
we  used  on  some  of  the  lung  sections  for  your  Project  Number 
L06139.  Von  Kossa  is  apparently  not  specific  for  calcium,  but 
will  stain  phosphates  and  carbonates  or  organic  material  in 
general.  I  suggest  that  we  do  some  staining  with  Alizarin  Red  S 
which  is  specific  for  calcium  on  our  next  batch  of  lung  tissue. 
We  wi  1 1  work  up  a  per  si ide  cost  for  you  if  you  would  like.  It 
would,  of  course,  be  done  on  a  selective  basis. 


Best  Regards, 

W.O.  Iverson,  D.V.M. 


WOI/jcs 
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Chemical  Mechanisms  of  Staining 
Methods 

Von  Kossa's  Technique:  What  von  Kossa  Really  Wrote 
and  a  Modified  Reaction  for  Selective  Demonstration  of 
Inorganic  Phosphates 

Susan  N.  Meloan,  HT  lASCP).  and  Holde  Puchtler,  M.D. 


Abstract 

It  is  generally  believed  that  in  von  Kossa's  technique 
silver  cations  react  with  phosphates  and  carbonates  in 
calcium  deposits  and  are  then  reduced  to  black  metallic 
silver  by  strong  light.  Perusal  of  von  Kossa  s  paper 
show;d  that  he  was  aware  of  significant  differences  be¬ 
tween  reactions  of  siiver  phosphate  in  vitro  and  in 
calcium  deposits.  He  regarded  only  the  yeliow  colora¬ 
tion  of  calcium  deposits  during  eariy  stages  of  the  reac¬ 
tion  as  diagnostic  for  calcium  phosphate  and  ascribed 
the  blackening  to  organic  matter.  Efforts  to  prevent  this 
blackening  were  unsuccessful.  Von  Kossa  s  experiments 
were  reproducible  in  our  hands.  Further  studies  showed 
that  bright  light,  generally  regarded  as  essential  for  von 
Kossa  s  reaction,  only  causes  the  irreversible  blackening 
of  organic  matter  that  masks  the  veiiow  silver  phos¬ 
phate.  When  the  reaction  is  performed  in  subdued  light, 
yeliow  to  yellowish  brown  siiver  phosphate  is  visualized 
selectively.  Silver  carbonate  dissolves  in  thiosuifate  and 
cannot  be  demonstrated  with  von  Kossa  s  technique. 


Introduction 

In  discussions  of  von  Kossa  s  technique,  it  is  usually 
stated  that  silver  cactions  react  with  phosphates  and 
carbonates  in  calcium  deposits  and  are  then  reduced  to 
black  metallic  silver  by  light  or  a  photographic 
developer.  During  histochemical  studies  of  this  reac¬ 
tion.1  it  became  clear  that  von  Kossa  s5  concepts  have 
not  been  rendered  correctly  in  recent  histochemical  and 
histological  treatises.  In  contrast  to  current  hypotheses, 
von  Kossas5  interpretation  of  his  observations  was 
based  on  chemical  data  and  contemporary  silver  tech¬ 
niques.  Since  this  knowledge  is  no  longer  readily  avail¬ 
able,  major  findings  will  be  reviewed  briefly. 
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Terminology  —  The  term  "calcium  deposits"  w’ill  be 
used  in  the  morphologically  descriptive  sense  without 
any  chemical  implications.  Such  deposits  are  known  to 
contain  organic  matter  and  probably  cations  other  than 
calcium. 

Historical  Review 

Early  chemists  knew  that  alkali  carbonates  and 
organic  compounds  reduce  silver  nitrate  to  black 
metallic  silver,  but  silver  phosphate  remains  yellow.5 
During  much  of  the  19th  century  silver  nitrate  was 
prescribed  for  internal  use  in  the  treatment  of  various 
diseases.  The  reduction  of  ingested  silver  to  metallic 
siiver  caused  gray  to  bluish-black  discoloration 
(argyria)  of  skin.1*  1  Light  was  not  necessary  for  reduc¬ 
tion.  Virchow*  described  blue-black  coloration  of  renal 
glomeruli  and  interstitial  collagen.  Riemer  found  black 
silvered  connective  tissue  fibers  in  many  organs  and 
arteries,  except  in  central  nervous  tissue. 

In  1844  silver  nitrate  was  introduced  into  histology 
for  blackening  of  cell  borders  of  epithelium.*  This 
technique  is  still  used  in  arteriosclerosis  research  for 
visualization  of  cell  borders  of  endothelial  cells,  though 
it  has  been  the  subject  of  much  controversy  since  the 
1860  s.  Harpeck,*  Hartmann58  and  Schweigger- Seidel 11 
regarded  the  supposed  cell  borders  as  artifacts;  similar 
patterns  were  obtained  on  substrates  that  lacked  cells, 
e.g.,  collodium  films. 15  54  54  Histochemical  studies 
showed  that  siiver  was  reduced  by  proteins  and  alkali 
chlorides  in  tissue  sections.50  55  54  This  process  could  be 
speeded  up  by  exposure  to  light.  15  53  These  studies  were 
carried  out  on  fresh  tissues:  fixation  and  other  reagents 
interfered  with  the  reduction  of  silver  nitrate.* 

Von  Kossa's  Studies 

Von  Kossa5  investigated  experimentally  induced 
calcifications  in  kidneys.  Chemical  analyses  demon¬ 
strated  calcium  phosphate  in  such  lesions,  but  required 

11 
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destruction  of  tissues.  Special  stains  for  calcium  were 
not  yet  available.  Von  Kossa.  therefore,  searched  for  a 
histochemical  technique.  In  in  vitro  experiments,  silver 
nitrate  solutions  colored  ‘calcium  phosphate  crystals 
yellow  without  dissolving  them.  Von  Kossa1  then 
treated  tissue  sections  with  silver  nitrate  and  obtained 
yellow  coloration  of  deposits.  Further  chemical  tests 
proved  that  the  reactive  material  was  indeed  calcium 
phosphate.  However,  the  yellow  color  in  tissue  sections 
was  not  permanent,  but  changed  to  gray  and  black.  In 
this  respect,  calcium  deposits  in  tissues  differed  from 
calcium  phosphates  in  in  vitro  experiments:  silver  phos¬ 
phate  formed  in  the  latter  retained  its  bright  yellow  col¬ 
or  for  days  and  was  not  reduced  by  exposure  to  light.  In 
vitro  blackening  could  be  obtained  by  addition  of  egg 
albumen  or  solutions  containing  proteins.  Von  Kossa:, 
therefore,  concluded  that  calcium  deposits  in  tissues 
contain  organic  material  that  can  reduce  silver. 
However,  he  regarded  only  the  yellow  coloration, 
observed  in  early  stages  of  the  reaction,  diagnostic  for 
calcium  phosphate.  This  precise  chemical  distinction 
was  overlooked  b\  later  authors  and  has  apparently- 
been  lost  from  current  literature. 

Cleari>.  von  Kossa V  technique  :s  a  two-step  reac¬ 
tion.  In  the  first  step  stiver  cations  react  with  com¬ 
ponents  of  calcium  deposits.  In  the  second  step,  bound 
silver  is  reduced  to  black  metallic  silver  by  organic 
material  with  the  aid  of  light  or  by  photographic 
developers.  Traditional  histological  procedures  do  not 
record  the  yellow  coloration  during  early  stages  of  the 
reaction,  and  it  is  ’-npossibie  to  distinguish  in  the  final 
black  product  between  silver  bound  to  phosphates  and 
silver  bound  directly  by  other  material. 

Zill’*  searched  unsuccessfully  for  methods  to  prevent 
blackening  of  silver  in  yon  Kossa  s;  reaction.  Apparent¬ 
ly,  this  problem  was  not  soivec  curing  the  following 
decades.  We.  therefore,  reinvestigated  von  Kossa  s:  and 
ZiU$:r  work.1 

Histochemical  Studies 

In  Vitro  Experiments  —  Addition  of  silver  nitrate 
solutions  to  reagent  grade  calcium  carbonate  and 
calcium  phosphate  yielded  white  silver  carbonate  and 
yellow  silver  phospnate.  The  former  became  deep  gray 
when  exposed  to  sunlight  for  1.5  hours.  In  contrast, 
silver  phosphate  remained  yellow  during  exposure  to 
strong  light  on  a  sunny  window  sill  for  several  days.  In¬ 
terestingly.  silver  carbonate  prepared  from  the  sodium 
(Na)  salt  became  deep  brown  in  dim  light  and  black  in 
strong  illumination:  i.e.,  von  Kossa  s  reaction  does  not 
necessarily  indicate  calcium  salts. 

Because  tissue  sections  are  treated  with  sodium 
thiosulfate  (NajSjOj)  to  remove  unreacted  silver,  this 
reagent  was  added  also  in  in  vitro  experiments.  Silver 
phosphate  was  unaffected  and  remained  yellow,  but 
blackened  silver  carbonates  dissolved  in  sodium 
thiosulfate.  This  observation  is  in  agreement  with 
chemical  data  by  Hodgman  et  al.u  It  seems  probable 
that  silver  carbonates  in  calcium  deposits  are  also  sub¬ 
ject  to  the  laws  of  chemistry  and  dissolve  in  the  sodium 
thiosulfate  bath. 

Upon  addition  of  solutions  of  egg  albumen  or  gelatin 
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to  yellow  silver  phosphate  crystals,  the  whole  solution 
became  dark  brown  to  blackish,  as  described  by  von 
Kossa. :  However,  examination  of  smears  of*  such 
material  by  polarization  microscopy  demonstrated  vir¬ 
tually  colorless  crystals  embedded  in  an  amorphous 
brownish  mass.  Apparently,  the  protein  solution  did 
not  reduce  the  silver  phosphate  to  black  silver,  but 
available  silver  cations  reacted  with  proteins,  imparting 
a  deep  brown  to  black  coloration.  This  process  is 
analogous  to  familiar  reactions  when  silver  nitrate  is 
spilled  on  skin  or  clothing  and  produces  black  discolora¬ 
tion  without  the  benefit  of  calcium  phosphate.  Accord¬ 
ing  to  Lillie1*,  the  same  reaction  is  given  by  soaps. 

Studies  of  Tissue  Sections  —  Because  strong  light  is 
required  for  blackening  of  silver  by  organic  material, 
but  is  not  necessary  for  formation  of  yellow  silver 
phosphate,  it  seemed  sensible  to  perform  von  Kossa's* 
reaction  in  the  absence  of  strong  light.  Four  series  of  sec¬ 
tions  were  placed  in  a  25>  aqueous  silver  nitrate  solution 
for  one  hour.  Series  I  was  exposed  to  sunlight  as  recom¬ 
mended  by  textbooks.  Series  II  was  kept  in  a  shaded 
area  of  the  laboratory.  Series  III  was  placed  in  a  dark 
cabinet,  and  Series  IV  was  wrapped  in  aluminum  foil  to 
exclude  light.  Sections  were  then  rinsed  in  distilled 
water,  placed  in  a  5?c  aqueous  solution  of  sodium 
thiosulfate  for  five  minutes,  rinsed  in  distilled  water, 
dehydrated,  cleared  and  mounted  as  usual.  In  duplicate 
series,  treatment  with  sodium  thiosulfate  was  omitted. 

Without  exposure  to  sodium  thiosulfate,  sections 
from  all  four  series  contained  black  calcium  deposits; 
i.e..  reduction  to  metallic  silver  occurs  also  in  the 
absence  of  light.  These  findings  confirm  observations  by 
Pizzoiato  and  McCrory.*®  After  treatment  with  sodium 
thiosulfate,  only  sections  of  Series  I,  which  had  been  ex¬ 
posed  to  sunlight,  contained  black  material.  In  the  other 
three  series,  the  black  coloration  had  vanished.  Calcium 
deposits  varied  from  yellowish  brown  to  yellow  to  col¬ 
orless:  the  latter  could  be  identified  by  their  refringence. 
There  was  no  significant  difference  between  Series  II,  III 
and  IV.  Thus,  staining  jars  can  be  conveniently  placed 
in  a  shady  comer  of  the  laboratory:  special  precautions 
to  exclude  light  are  not  necessary.  Treatment  with 
sodium  thiosulfate  is  essential  to  remove  black  material 
and  to  prevent  gradual  darkening  of  tissues.  No  darken¬ 
ing  has  been  observed  in  sections  stored  for  approx¬ 
imately  15  years. 

The  yellow  to  brownish-yellow  color  of  many 
calcium  deposits  in  Series  II.  Ill  and  IV  corresponds  to 
that  of  silver  phosphate  in  in  vitro  experiments;  other 
tissue  structures  remain  unstained.  Thus,  the  modified 
von  Kossa's  reaction  can  be  regarded  as  a  histochemical 
test  for  phosphates.  However,  the  reaction  seems  to  be 
limited  to  inorganic  phosphates;  nuclei  and  other  sites 
known  to  contain  nucleic  acids  are  colorless,  and  it  can¬ 
not  visualize  carbonates.  As  already  mentioned,  silver 
carbonate  is  soluble  in  sodium  thiosulfate.5*  Von 
Kossa's  technique  and  its  modifications  are  not  reac¬ 
tions  for  calcium.  Part  of  the  phosphates  in  calcium 
deposits  may  be  associated  with  cations  other  than 
calcium,  therefore,  reactions  for  calcium  (for  example, 
Alizarin  Red  S)  and  for  phosphates  may  not  always 
yield  identical  pictures,  e.g„  in  arteriosclerotic  lesions.*5 

Chemical  Mechanisms  of  Staining  Metnoos/Meioan  et  ai 


•V  -r. 


wv  a  v a -a,’. nVW “>‘V vuw yj  A.,v*A\,V‘cv-VS*/Af'»V A.VTWWW/V'ilWS 


Furthermore,  chemical  studies  of  calcification  indicate 
that  calcium  is  deposited  first;  phosphates  appear  some 
time  later, u 


Conclusion 

As  emphasized  already  by  von  Kossa, s  the  black 
deposits  formed  in  his  reaction  are  due  to  reduction  of 
silver  by  organic  material.  This  artifact  occurs  only 
when  sections  are  exposed  to  strong  light  as  recom¬ 
mended  in  textbooks.  When  von  Kossa's  reaction  is  car¬ 
ried  out  in  subdued  light,  yellow  to  yellowish-brown 
silver  phosphate  is  visualized  selectively.  Silver  car¬ 
bonate  cannot  be  demonstrated  with  von  Kossa's 
technique  because  it  dissolves  in  sodium  thiosulfate 
solutions.  Phosphates  and  carbonates  in  calcium 
deposits  may  be  associated,  at  least  in  part,  with  cations 
other  than  calcium.  Calcium  can  be  identified  with 
Alizarin  Red  S  or  other  suitable  mordant  dyes. 
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IITRI  PROJECT  NUMBER  L06139 
PHASE  IV  STUDY  NUMBER  82 

THE  EFFECTS  OF  SUBCHRONIC  EXPOSURES  TO  LOW  CONCENTRATIONS  OF 
RED  PHOSPHORUS/BUTYL  RUBBER  (RP/BR)  COMBUSTION  PRODUCTS 
ON  HI STOPATHOLOG I  CAL  CHANGES  IN  THE  LUNGS  AND  ON 
PULMONARY  BACTERICIDAL  ACTIVITY  OF  MALE  SPRAGUE-DAWLEY  RATS 

FINAL  SACRIFICE,  RECOVERY  SACRIFICE,  AND  TWO  MORTALITIES 

PATHOLOGY  SUMMARY 

Microscopic  examinations  were  performed  on  selected  tissues  from  male 
Sprague-Oawley  rats.  The  purpose  of  this  study  was  to  evaluate  the  effects 
of  exposure  concentration  and  recovery  time  of  the  repeated  exposure  of 
rats  to  combustion  products  of  Red  Phosphorus/Butyl  Rubber  (RP/BR)  on 
histopathological  changes  in  the  lungs  and  on  pulmonary  bactericidal 
activity.  This  report  contains  the  histopathologic  findings  for  the 
terminal  sacrifices,  recovery  sacrifices,  and  two  animals  which  died 


spontaneously.  The  experimental  design  for  this  study  was  as  follows: 
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All  animals  were  exposed  for  2.2 5  hr/day  on  four  consecutive  days  per  week. 
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Doses  administered  were  as  shown  below; 

CO  =  Filtered  air  control 
Cl  =  0.05  mg/1 
C2  =  0.18  mg/1 
C3  =  0.30  mg/1 

The  animals  sacrificed  on  11/8/85  and  11/15/85  were  designated  the 
final  sacrifice.  Animals  sacrificed  on  1/2/86  and  1/9/86  were  designated 
the  recovery  sacrifice.  Animals  323  and  311  were  not  part  of  the 
designated  evaluation  group  but  did  die  and  are  reported  here. 

Complete  necropsies  of  all  rats  designated  for  pathology  were 
conducted.  The  following  tissues  were  processed  to  paraffin  blocks  for  all 
animals  which  died  or  were  sacrificed  and  designated  for  pathology:  one 
level  of  nasal  turbinate,  trachea,  pulmonary  lymph  node,  lung  and  gross 
lesions.  All  five  lobes  of  the  lung  were  processed  and  examined.  All 
paraffin  blocks  were  then  shipped  to  Experimental  Pathology  Laboratories, 

Inc.  where  hematoxylin  and  eosin  stained  slides  of  these  tissues  were 
prepared  and  examined  for  all  even  animal  numbers.  All  odd  animal  numbers 
had  all  blocks  except  the  nasal  turbinate  and  trachea  sectioned  and 
examined.  Additional  lung  sections  from  all  animals  were  stained  with 
Masson's  trichrome  stain  for  demonstration  of  collagen. 


RESULTS 

The  microscopic  changes  and  a  detailed  listing  of  all  tissues 
evaluated  are  presented  in  the  Histopathology  Incidence  Tables.  All 
lesions  are  summarized  by  treatment  group  and  presented  in  the  Summary 
Incidence  Tables.  A  correlation  of  lesions  observed  at  necropsy  with  the 
corresponding  microscopic  observation,  where  possible,  is  presented  in  the 
Correlation  of  Gross  and  Microscopic  Findings  Tables.  The  gross 
observations  in  these  tables  were  transcribed  from  the  necropsy  sheets 
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provided  with  the  paraffin  blocks.  Animal  dispositions  were  listed  as 
final  sacrifice  or  spontaneous  death  as  they  were  indicated  on  the  necropsy 
sheets. 

The  primary  treatment -related  change  seen  histologically  in  this  study 
was  in  the  lung  and  was  diagnosed  as  "terminal  bronchiolar  fibrosis".  The 
lesion  consisted  of  minimal  thickening  of  the  alveolar  walls  and  of  the 
most  distal  portions  of  the  terminal  bronchioles  at  the  point  where  the 
terminal  bronchiole  ends  and  joins  the  alveolar  sacs.  The  thickening 
consisted  of  a  heterogenous  eosinophilic  material  containing  small  numbers 
of  cells.  This  material  stained  positively  for  collagen  with  Masson's 
trl chrome  stain.  The  incidence  of  this  lesion  is  shown  in  the  following 
table: 

INCIDENCE  OF  TERMINAL  BRONCHIOLAR  FIBROSIS 

Number  of  Animals 

final  Sacrifice  Recovery  Sacrifice"*'"' 
Severity _ Group;  “IQ"  Cl  1 2  C3  C6  Tl  02  C3 

Minimal  -  Grade  1  0/20  0/20  4/20  9/20  0/2C  0/20  3/20  4/20 

Other  changes  in  the  lung  were  usually  minimal  or  absent  altogether. 
Some  animals  had  small  numbers  of  alveolar  macrophages  but  they  were 
usually  not  associated  with  the  terminal  bronchiolar  fibrosis.  Minimal  to 
mild  lymphocytic  hyperplasia  occurred  in  many  of  the  animals,  both  treated 
and  controls.  Other  changes  were  relatively  infrequent. 

Two  animals  which  died  spontaneously  were  submitted  for  examination. 
Animal  323  had  chronic  hemorrhage  and  congestion  of  the  lung.  Animal  311 
had  a  histocytic  sarcoma  on  one  leg,  which  was  probably  contributory  to  its 
death. 
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CONCLUSION 

The  results  of  these  microscopic  examinations  indicate  that  the 
exposure  of  male  Sprague-Dawley  rats  to  the  combustion  products  of  RP/BR 
for  2.25  hr/day  for  four  consecutive  days  per  week  produced  minimal 
terminal  bronchiolar  fibrosis  in  less  than  50*  of  the  animals  after  three 
months  of  exposure  at  0.30  mg/1  and  less  than  25*  of  the  animals  after 
three  months  of  exposure  at  0.18  mg/1.  The  lowest  dosey  0.05  mg/1 ^appears 
to  be  a  no-effect  level.  Following  an  eight-week  recovery  period  there  Is 
a  decreased  incidence  of  the  lesion,  but  it  still  is  present.  There  were 
no  other  changes  found  in  the  tissues  examined  that  were  treatment-related. 


W.0.  Iverson,  b.v.M. 


Diplomate,  ACVP 
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SUMMARY 
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SPONTANEOUS  DEATHS 

HISTOPATHOLOGY  REPORT 
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Pigment,  Mild 

Hemorrhage,  Moderate 

Congestion 
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Histiocytic  Sarcoma 
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APPENDIX  B 


IN  VITRO  GENETIC  TOXICOLOGY  TESTING  OF  RP/BR  AEROSOL  CONDENSATE 


FINAL  REPORTS 


Prepared  by 
ROBERT  R.  GUERRERO 


AMES  SALMONELLA  TYPHIMURIUM  REVERSE  MUTATION  ANALYSIS  OF  AN  EXTRACT 
OF  RED  PHOSPHORUS/BUTYL  RUBBER  AEROSOL  .  ONDENSATE 


CHROMOSOME  ABERRATION  ANALYSIS  OF  AN  EXTRACT  OF  RED  PHOSPHORUS/BUTYL 

RUBBER  AEROSOL  CONDENSATE 

DNA  REPAIR  ASSAY  IN  PRIMARY  RAT  HEPATOCYTES  ON  AN  EXTRACT  OF  RED 
PHOSPHORUS/BUTYL  RUBBER  AEROSOL  CONDENSATE 


I  IT  RESEARCH  INSTITUTE 


FORWORD 


These  final  reports  on  studies  entitled  "Ames  Salmonella  typhi murium 
Reverse  Mutation  Analysis  of  an  Extract  of  Red  Phosphorus/Butyl 
Rubber  Aerosol  Condensate" ,  "Chromosome  Aberration  Analysis  of  an 
Extract  of  Red  Phosphorus/Butyl  Rubber  Aerosol  Condensate",  and  DNA 
Repair  Assay  in  Primary  Rat  Hepatocytes  on  an  Extract  of  Red 
Phosphorus/Butyl  Rubber  Aerosol  Condensate"  were  prepared  by  Robert 
Guerrero,  Genetic  Toxicologist.  Methodology  and  personnel  needed  to 
generate  the  RP/BR  aerosol  from  which  the  "RP/BR  Condensate  Test 
Article"  for  the  genetic  toxicology  tests  was  produced  were  provided 
through  the  main  study.  The  work  was  supported  with  additional 
funds  provided  under  the  main  contract  (No.  DAMD17-62-C-2121 ) 
specifically  for  these  studies. 


Catherine  Aranyi 
Scientific  Advisor 
Inhalation  Toxicologist 
Principal  Investigator 
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The  purpose  of  this  study  was  to  assess  the  mutagenic  properties  of 
on  extract  of  red  phosphorus/butyl  rubber  condensate  and  to  determine 
the  Influence  of  pH  on  the  mutagenic  response.  The  study  covers 

protocols  No.  SN81A  USA-01  and  USA-02. 

Red  phosphorus  butyl  rubber  (RP/BR)  aerosol  condensate  Is  about  95% 
phosphoric  acid.  Theref ore,  addition  of  even  small  amounts  of  the  agent 
to  the  bacterial  cultures  constitutes  a  severe  pH  challenge  to  the 
or gan I  sms. 

In  a  recent  workshop  on  the  effects  of  low  pH  and  high  salt 
concentrations  on  genotoxlclty  in  jfilr.fi  (EMS  workshop.  Las  Vegas, 
Ne'  sde,  February  1985),  It  was  reported  that  low  pH  and  high  osmolality 
c c  tlons  con  Induce  false  positive  results  In  ip  xlirfi  systems. 

Therefore,  a  preliminary  round  of  testing  was  done  with  phosphoric  acid 

alone  to  determine  the  pH  range  the  typh Imur lum  bacteria  would 

tolerate  and  to  determine  whether  low  pH  alone  would  Induce  false 
positive  results  and  finally  whether  neutralizing  the  acid  to  pH  7.0 
with  sodium  hydroxide  would  cause  a  false  positive  response  due  to  the 
Increased  osmolality.  Subsequently  the  RP/BR  test  article  was  tested  at 
pH  1.9,  6.0  and  7.0  with  phosphoric  acid  pH  controls  for  the  three 
doses.  The  USA-01  (RP/BR)  sample  end  the  H,P0,  controls  were 
diluted  with  distilled  water  (pH  6.2)  to  achieve  pH  6  rather  than  use  of 
NaOH  as  In  the  dose  range  finding  study.  However,  since  the  water’s  pH 
was  6.2,  a  nominal  amount  of  NaOH  was  used  to  raise  the  pH  from  6  to  7 
for  the  pH  7  dose.  Use  of  H-O  Instead  of  NcOH  to  adjust  pH  tested  the 
osmolality  variable.  This  study  design  enabled  us  to  control  all  the 
known  variables  yet  still  assay  the  test  article  (USA-CI)  at  the  maximal 
dose. 

The  Ames  test  Is  an  .Lp  xillfi  test  that  detects  mutagens  by  their 
ability  to  cause  base-pair  and  frameshlft  mutations.  Five  mutant 

auxotrophic  strains  of  SjaliDfiPfillp  typh  Imur  1pm.  deficient  In  the  enzymes 
necessary  to  synthesize  histidine,  are  used  to  measure  DNA  damage.  The 
test  measures  point  mutations  at  the  histidine  locus  which  revert  the 
strains  back  to  the  prototrophic  forms.  As  such,  they  regain  ability  to 
synthesize  histidine  and  can  grow  In  histidine  deficient  medium. 
Therefore,  a  test  article's  mutagenic  potential  can  be  determined  by  the 
number  of  revertants  that  form  following  exposure  to  It.  When  coupled 
with  a  rat  liver  microsomal  fraction  (S-9),  the  system  simulates  lp  xixfi 
metabolic  activation  and  detoxification  pathways.  As  such,  the  essay 
provides  a  sensitive,  fast  end  relatively  Inexpensive  system  for 

screening  mutagens. 
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2^  2AIA  MisLISli 


A  test  was  considered  positive  If  the  number  of  revertents  was  >2X 

the  spontaneous  background  level.  ~ 

^  I££J  ABI1£L£  M2  £mR2L  IRffiRMAIififl 

a.  Xfi5i  Ac±l£±fi  ( USA-0 1  )  :  RP/BR  was  generated  by  burning  RP/BR  In 
a  hydraulic  driven  extrusion-combustion  generator  on  February  12 
and  13,  1985.  The  extr u s I on/b ur n I ng  rate  was  adjusted  to  producg  a 
final  concentration  of  approximately  1  mg/ 1  Inside  a  1  rrr 
stainless  steel  Inhalation  chamber.  The  aerosol  was  collected  ^by 
condensation  In  liquid  oxygen  cooled  Dewar  traps  from  9x10 
liters  of  aerosol.  The  sampling  rate  was  approximately  10 
llters/mln  for  a  residence  time  In  the  traps  of  30  seconds.  The 
traps  were  opened  and  the  Inner  wal Is  were  rinsed  with  30  ml  of 
methylene  chloride  (MC).  The  traps  were  drained  Into  a  1  liter 
glass  separatory  funnel  and  the  MC  and  the  aqueous  fractions  were 
separated  and  transferred  to  200  ml  graduated  cylinders.  This 
procedure  resulted  In  approximately  150  ml  MC  fraction  and  105  ml 
aqueous  fraction.  The  MC  was  driven  off  to  dryness  with  a  stream 
of  dry  nitrogen.  The  resultant  yellow  residue  was  dissolved  In  2 
ml  DMS0. 

The  aqueous  phase  was  transferred  to  a  150  ml  round  bottom  flask. 
The  aqueous  sample  was  concentrated  over  a  2-day  period  to  7  ml 
with  vacuum  pressure  delivered  by  a  mechanical  vacuum  pump  equipped 
with  a  liquid  nitrogen  cold  trap.  A  0.0304  g  sample  of  the  viscous 
yellowish-brown  liquid  was  diluted  to  100  ml  with  distilled  water 
and  three  aliquots  were  analyzed  for  phosphate  content.  The 
resultant  phosphoric  acid  concentration  was  determined  to  be  90.6$ 
by  we  I gh t. 

For  genotoxlclty  testing,  the  remaining  aqueous  fraction  (5.64g) 
was  combined  with  the  2  ml  of  DMS0  MC  extract  and  the  mixture  was 
diluted  to  14  ml  with  ASTM  type  1  water  on  February  19,  1985.  The 
dilution  was  made  to  provide  enough  sample  for  three  Ijo  .sdLiCfi 
assays.  The  test  article  was  stored  at  room  temperature  protected 
from  light  In  a  sterile  pyrex  glass  tube.  The  density  of  the  test 
article  was  1.16  g/ml. 
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Jl*  £££l££-L  5jJl.Siaili.eSi 

Uc£=A£ilyalfiJ  A^-Siam  lz£=21 
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_  10 - 
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10 
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-0  DMSO 

10 
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2±££-Lq 

*h 

Ail  £  AfiJlLifi 

AfllJCfial 

XalZalalel 

Al  1 

1  .87 

Baker  1-0260 

Distil  led  water 

100 
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Al  1 
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£&□£.«.  iJLLZplaifil 

Al  1 
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njiTiV-n  1 


*  ri  " r? w r-w<n k- nw\ wrvv-^M ?*  *  * v »  v m uii'w  u* vrw 


tT  F^  VH  \TT»  IFW\.^V\TV  inf»W'V!V.\?W 


C.  5jalmfl£flll.a  l£S±fi£  5l£ilH5 

The  strains  used  In  this  study  were 

TA98,  TA100,  TA1  535,  TA1 537  and  TA1538.  The  strains  were 

obtained  from  Or.  Bruce  Ames  In  October  1975.  All  strains 
are  histidine  deficient  variants  of  the  prototrophic  wild 
type.  Strains  TA1  537,  TA1538  and  TA98  detect  frame  shift 

reverse  mutations  at  the  histidine  locus  and  TA1535  and  TA100 - 

detect  base-pair  substitution  reverse  mutations  at  the  same 
locus.  Stock  cultures  were  grown  and  checked  to  confirm  their 
mutational  characteristics  on  September  12,  1980.  The  stocks 
were  stored  frozen  at  -70°C  In  nutrient  broth/DMSO. 

11  iLtCflifl  £hfl£flfl±J&£lflli£S 


Strain  Gene  Ad.dlliflJl.fll  Mu.tat I ons  Mutation  Type 

Cfl^lflDflllflii  Ailflfllfld  LEA  fiflflfllr  B  Lflfllflr  fifllflfllfld 

TA98  ilJ_S  D  £la  1L¥£  B  pKMIOl  Frameshlft 

TA1  00  Ms  G  £±A  u^£  B  pKMIOl  Base-pair 

subst I  tut  I  on 

TA1  535  Mi  G  £ifl  iL¥£  B  --  Base-pair 

substl tut  I  on 

TA1  537  Ms  C  £lfl  uxz  B  --  Fremeshlft 

TA1  538  ilJ_S  D  £lfl  1 L¥£  B  --  Frameshlft 


21  £flflii±ajififiji£  Bflyfl£5lfl£  Bfllfls 

Occurrence  of  spontaneous  revertants  was  used  to  assess  tester 
strain  response.  For  the  test  to  be  considered  valid,  the  number 
of  spontaneous  revertants  had  to  fall  within  the  range 
characteristic  for  each  strain. 


&pflD±*Jlflfl.u.S  B£*fl£iA£±  5±fljLdfl££  £fluii±  xllhSUlS.  5=2 


5l£flJLn 


A I lowabi e 
BMS£±flB±S 


TA98 
TA100 
TA1535 
TA1 537 
TA1538 


20-50 

120-200 

10-35 

3-15 

15-35 
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MJHGI2.S 


a.  I2.fi£lgj3.L  The  test  article  was  tested  for 
Toxicity  against  Sa a  tester  strain,  TA98,  both  with  and 
without  S-9  prior  to  the  mutagenicity  test.  The  results  of 
the  toxicity  test  were  used  to  establish  the  dosage  range  for 
the  mutagenicity  assay.  For  the  mutagenicity  test,  the  test 
article  and  10°  colony  forming  units  (cfu)  tester  bacteria 
were  comb  I  red  and  pour ed  over  m  Initnal  agai — plates  and — after 
Incubation  at  37°C  for  2  days  histidine  revertants  were 
scored.  Appropriate  solvent  and  positive  mutagens  served  as 
controls.  Mutagenicity  tests  were  performed  using  triplicate 
plates  for  each  tester  strain,  with  and  without  S-9,  at  each 
dose  level.  Sterility  tests  were  performed  on  each  test  dose, 
as  well  as  on  the  minimal  medium,  S-9  product,  S-9  mix  and 
overlay  agar.  The  sterility  tests  were  done  on  the  seme  day 
the  test  was  performed  and  under  the  same  Incubation  and  time 
cond  I  ttons. 

b.  Dosage  £fiOlula±lfljl5^  For  the  toxicity  'est  a  100  mg/ml 
stock  solution  was  made  by  diluting  0.216  ml  (  250  mg)  of  the 
test  article  to  2.50  ml  with  distilled  water.  For  the 
mutagenicity  test  a  50  mg/ml  stock  solution  was  made  by 
diluting  0.432  ml  (500  mg)  of  the  test  article  to  10  ml  with 
d I  st I  I  led  water . 

The  dose  levels  tested  for  toxicity  were  5.0  mg,  2.5  mg,  1.25 
mg,  0.50  mg,  0.05  mg  and  0.005  mg  per  plate. 

The  dose  levels  tested  for  mutagenicity  were  2.5  mg  (pH  1.90), 
0.119  ug  (pH  6.0)  and  0.119  ug  (adjusted  to  pH  7.0  with  0.1  N 
NaOH)  per  plate. 

c.  H a n d  I  1  n q  jxlU  Praparat Ion  :  Upon  receipt  of  the 
test  and  control  articles,  the  date  of  receipt  and  quantities 
were  recorded  and  a  reference  sample  was  taken.  Liquid  test 
articles  were  measured  by  weight.  All  test  and  control 
substances  were  freshly  prepared  the  day  of  use  and  were 
blended  by  vortex  mixing  for  1  minute.  The  control  compounds 
were  stored  according  to  manufacturers*  recommendations 
regarding  temperature,  humidity  and  protection  from  light. 
Dilutions  of  test  and  control  compounds  were  prepared  in 
distilled  water,  ethanol  (US1)  or  Spectr-AR"  grade 
<  Me  I  I  I  nckrodt )  dl  methy  I  sul  f  oxl  de  (DMS0)  and  were  used  in  the 
plate  assay  within  1  hr  of  preparation.  Unused  pyrex  glass 
tubes  were  used  for  preparing  all  dilutions. 
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<•♦  £l£^a£jaiifli3  £i  11*££  Jd£iI)fi.g£Jl£i££  £119  ££££ilfl.D  A 

9,000  xg  microsomal  supernate  Isolated  from  livers  of  adult 
male  Fischer  344  rats  Induced  with  Aroclor  1254  was  used  to 
activate  promutagens.  The  S-9  was  prepared  as  per  Ames  et  el. 
(Mutation  Research  31:347-364,  1975)  and  was  purchased  from 
Litton  Blonetlcs,  Kensington,  MD  (Lot  No.  04142).  Upon 
receipt  the  S-9  was  stored  at  -70°C  until  used.  Lot  04142 
contained  21.5  mg/mi  protein  and  had  p448/p450  activity 

eq u I val ent  to  5.9  nMol/mg  protein. _ Benzo(  a  Jpyrene  activated 

by  this  S-9  Induced  757  and  814  revertants  In  strains  TA98  and 
TA100  respectively.  The  reacting  mixture  was  prepared  Just 
prior  to  use.  The  S-9  mix  was  sterilized  by  filtration 
through  a  0.45  uM  membrane  filter  then  the  liver  fraction  was 
added  Just  prior  to  use.  The  S-9  reaction  mixture  was 
ultimately  comprised  of  450  ul  of  the  S-9  mix  and  50  ul  of  rat 
I  I ver  homogenate. 

e.  Bifida  nation  ai  Minimal  Aaan  Elaine  and  Ian  The 

minimal  medium  plates  used  throughout  the  study  contained  20 
ml  of  Vogel-Bonner  medium  E  (Vogel  and  Bonner,  J.  Biol. 
Chem.  218:97-106,  1956)  with  2?  dextrose.  Top  agar  was 

autoclaved,  then  L-h I st I dl ne-HCL  and  biotin  were  added  Just 
prior  to  use.  The  Ingredients  were  mixed  then  2  ml  were  added 
to  unused  16x150  mm  disposable  glass  test  tubes  and  allowed  to 
equilibrate  to  45°C  In  a  waterbath  before  addition  of  any 
bacteria  or  chemicals. 

1a  DfiS.fi  range  f  Ind  I  ng  5±jjiJyi  A  spot  test  dose  range  finding 
study  was  performed  using  strain  TA98  only.  The  assay  was  a 
modification  of  the  standard  disk  susceptibility  assay  as 
described  by  Bauer  et  el.  In  Amer.  J.  Clin.  Path. 
45:493-496,  1966.  Briefly,  a  24  hr  culture  of  TA98  was 
Inoculated  onto  Oxold  nutrient  agar  plates.  The  test  article 
was  applied  to  sterile  filter  paper  disks  (S  and  $,  740-E)  In 
a  dose  related  manner  up  to  5  mg/dlsk.  The  disks  were 
transferred  to  the  Inoculated  plates  and  after  a  15  minute 
Incubation  period  at  room  temperature  they  were  Incubated  for 
24  hrs  at  37°C.  The  test  agent  was  tested  with  and  without 
S-9  at  six  doses.  After  24  hrs  the  plates  were  analyzed  for 
toxicity.  The  zone  of  Inhlblton  was  estimated  to  the  nearest 
millimeter  with  a  hand  held  ruler.  Any  visible  zone  of 
inhibition  was  considered  an  indication  of  a  toxic  response. 
With  toxic  agents,  the  high  dose  was  chosen  for  the 
mutagenicity  test  that  caused  a  slight  (<t  mm)  zone  of 
Inhibition  (Table  1 ) . 

9a  Mutagenes I s  Assay :  The  assay  was  conducted  March  6  and 
17,  1985  using  the  methods  of  Ames  et  al  as  described  In  Mut. 

Res.  31:347-364,  1975  and  In  their  methods  update  Issued  In 
May  1980.  The  detailed  procedures  ere  outlined  In  IITRI  SOP 
No.  MB5 3 .  Briefly,  0.1  ml  (10°  cfu)  of  an  16-18  hr  culture 
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of  the  tester  strain  was  added  to  2  ml  top  agar  (45°C)  In 
sterile,  unused  16x150  mm  glass  test  tubes.  This  was  followed 
by  addition  of  0.1  ml  of  the  test  article  and  0.5  ml  of  the 
S-9  reaction  mixture  or  test  article  alone  for  the  non-S-9 
treated  cultures.  The  tubes  were  vortex  mixed  then  poured 
over  minimal  agar  plates.  Triplicate  plates  were  made  per 
dose  for  five  doses.  Control  plates  containing  only  the 
bacterial  strains  were  also  made  to  determine  spontaneous 
reversion  rates  as  well  as  control  plates  to  test  for 
sterility  of  each  of  the  systems  components.  The  plates  were 
Incubated  In  the  dark  at  37°C  In  an  Inverted  position  for  2 
days  after  which  they  were  evaluated  for  numbers  of  revertant 
co  1  on  I  es. 

iL*.  Co  I  ony  Count  1  ng  ;  The  revertant  colonies  were  scored  with 
a  Blotran*  II  colony  counter.  The  counter  was  calibrated 
against  a  calibration  grid  Just  prior  to  use.  The  counts  were 
recorded  In  a  log  book  as  they  were  generated.  Plates  with 
fewer  than  50  colonies  were  hand  counted.  All  plates  were 
Incinerated  after  the  evaluation  was  complete. 
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Table  1 
Table  2 
Tabl  e  3 

Tab  I e  4 

Tab  I e  5 


Dose  range  finding  study  for  test  article  USA-01 
Mutagenicity  results  for  positive  controls 
Raw  mutagenicity  data  for  test  article  USA-01 
and  phosphoric  acid 

Summary  mutagenic  ?y  results  for  test  article 
USA-01  and  phosphoric  acid 
Summery  of  background  lawn  toxicity  results 
on  test  article  USA-01  and  phosphoric  acid. 
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V 


DOSE  RANGE  FINDING  STUDY  FOR  TEST  AGENT  USA-01 

IITRI  Project  No.  t06l39“L001 

I  I TRI  Study  No.  SN8iA 


Inhibitory  zone 

Cone.  with  Strain  TA$8  (mm) 

pg/pl  ate_ NA  A_ Toxicity 


H20 

50.0 

0 

0 

- 

USA-01 

5000.0 

15 

15 

2500.0 

13 

13 

+ 

1250.0 

0 

0 

- 

500.0 

0 

0 

- 

50.0 

0 

0 

- 

5.0 

0 

0 

- 

Test 

Agent 


NA=  without  S-9 
A=  with  S-9 

Average  for  two  measurements 
-=  Non-toxic 
+=  Tox i c 

-f=  Si  i  ght  ly  toxic 
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MUTAGEN (CITY  RESULTS  FOR  FOSfTIVE  CONTROLS 
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SUMMARY  MUTAGENICITY  RESULTS  FOR  TEST  AGENT  USA -01 

AND  PHOSPHORIC  ACID 
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Teble  5 

SUMMARY  OP  BACKGROUND  LAWN  TOXICITY  RESULTS  ON  TEST 
ARTICLE  NO.  USA-01  AND  PHOSPHORIC  ACID 

IITRI  Project  No.  LO6139-LOOI 

I ITRI  Study  No.  $N8lA 


Reduction  of  Background  Lawn 


Test 

Agent 

Cone . 
wg^P'et  e 

pH 

TA98 

NA 

A 

TA10C 

NA 

A 

T  A 1 53  5 

NA  A 

TA1537 

NA  A 

TA1 533 
NA  A 

USA-01 

2500.00 

1  .9 

- 

- 

- 

- 

- 

- 

- 

. 

• 

0.12 

6.0^ 

- 

•* 

- 

- 

- 

- 

- 

- 

- 

0.12 

7.0f 

- 

- 

- 

to 

to 

- 

to 

- 

h3P0^ 

1 180.00 

1  .9 

4 

4 

+ 

4 

4 

4 

4  4 

1050.00 

7-0* 

•• 

- 

- 

- 

- 

• 

to 

- 

to  to 

500.00 

7-0* 

- 

- 

- 

- 

• 

• 

to 

to 

to  to 

0.03 

6.0^ 

• 

• 

to 

11 

- 

- 

to 

to 

- 

0.03 

7.0i 

- 

- 

- 

•* 

- 

- 

- 

- 

- 

NA  =  Without  S-9 

A  «  Wi th  $-9 

*  =  pH  adjusted  to  7  with  k0%  NaOH 

A  *  pH  adjusted  by  dilution  to  pH  6  with  pH  6.2  distilled  water 

t  ■  Same  as  A  except  pH  adjusted  from  6  to  7  with  0.1  N  NaOH 
-  *=  Non-toxic 

+  *  S l i ght ) y  toxic 
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JfiiKj £.ilXi  The  results  of  the  dose  range  finding  study  (Table 
1)  Indicate  that  test  article  USA-01  was  slightly  toxic  to  the 
TA98  tester  strain  at  the  2,500  ug/plete  concentration  and 
toxic  at  the  5000  ug/plate  dose.  It  was  not  toxic  at  any  dose 
below  2,500  ug/plate  both  with  and  without  $-9.  The  2,500 
ug/plate  concentration  was  chosen  as  the  high  dose  for  the 
_ mutagenicity  test. 

The  results  shown  In  Table  5  Indicate  that  In  the  mutagenicity 
assay  neither  the  test  article  nor  the  phosphoric  acid 
controls  Induced  a  toxic  response  under  any  of  the  conditions 
tested,  except  for  a  slight  reduction  In  background  lawn 
caused  by  the  1180  ug/control  plate  of  phosphoric  acid  at  pH 
1.9.  The  s'lght  toxic  response  was  observed  In  all  the 
strains  with  and  without  $-9. 

Mutfl0flfllfilty :  In  the  mutagenicity  test,  the  responses  of  all 

the  control  compounds  (Table  2),  solvent  controls  and 
spontaneous  background  revertants  (Table  3)  were  within  the 
limits  set  for  the  test.  All  of  the  test  system  components 
also  tested  sterile.  The  assay  was  therefore  judged  valid. 

Table  4  shows  a  summary  of  the  mutagenicity  results  for  all 
the  parameters  tested  In  this  study.  The  results  show  that 
neither  test  article  USA-01  nor  phosphoric  acid  were  mutagenic 
under  any  conditions  even  those  that  maximized  conditions  for 
o  positive  response,  l.e,  high  concentration  (2,500  ug/plate) 
and  low  pH  (1.9)  for  USA-01  and  1,180  ug/plate  and  pH  1.9  for 
phosphoric  acid.  The  negative  response  observed  with  the 
phosphoric  acid  samples  neutralized  to  pH  7  with  NaOH  also 
Indicate  that  high  osmolality  caused  by  addition  of  Increased 
amounts  of  sodium  does  not  Induce  a  false  positive  response  In 
the  Ames  test.  Treatment  with  S-9  did  not  alter  the  mutagenic 
nor  the  toxic  response.  This  suggests  that  USA-01  does  not 
contain  promutagentc  components  nor  toxic  detoxification 
products. 

In  light  of  the  overall  negative  mutagenic  response  regardless 
of  pH  or  concentration  considerations,  the  conclusion  Is  that 
test  article  USA-01  Is  not  mutagenic  In  the  Ames  test  and  that 
the  false  positive  results  reported  In  mammalian  cell  systems 
due  to  low  pH  or  high  osmolality  culture  conditions  do  not 
appear  to  apply  to  the  Ames  test. 
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The  purpose  of  this  study  was  to  evaluate  the  genotoxlc 
properties  of  an  extract  from  red  phosphorus/butyl  rubber 
condensate  utilizing  the  Chinese  Hamster  Ovary  Cell 
( CH 0 ) /C hromosome  Aberration  Analysts  Jjtt  vitro  assay  and  to 
determine  the  Influence  of  pH  on  the  genotoxlc  response. 

Red  phosph or u s/ b ut y  I  rubber  (RB/BR)  aerosol  condensate  Is 
approximately  95J  phosphoric  acid;  therefore,  addition  of  even 
small  amounts  of  the  agent  to  the  cell  cultures  conslstutes  a 
severe  pH  challenge. 

In  a  recent  workshop  on  the  effects  of  low  pH  on  genotoxlclty 
In  In  v 1 1  r o  systems  (EMS  Workshop,  Las  Vegas,  Nevada,  February 
1985),  It  was  reported  that  low  pH  can  Induce  false  positive 
results.  To  test  and  control  for  this  phenomenon,  the  RP/3R  test 
article  was  tested  at  pH  6.0,  6.5  and  7.2  with  concurrent 
phosphoric  acid  pH  controls  for  the  three  doses.  In  this  study, 
both  the  test  article  and  the  phosphoric  acid  controls  were 
diluted  with  McCoy's  5A  Medium  Complete  (3$  FCS,  100  IU 
penicillin,  100  ug/ml  streptomycin,  25  mM  L-glutamlne  and  3  mM 
Hepes)  to  achieve  the  desired  pH. 


MfiUxcuts  Used; 

Twenty-five  metaphases  per  duplicate  cultures  were  scored, 
for  a  fotal  of  fifty  metaphasos  per  dose.  Chromosome  and 
chromatid  aberrations  were  converted  to  a  "break s/ce 1 1 n  value 
reflecting  the  actual  number  of  breaks  that  occurred.  Gaps  were 
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converted  to  a  gaps/cel  I  value  and  are  p">sented  as  a  separate 
value.  Other  types  of  aberrations  which  are  ,ot  easily  converted 
to  a  breaks/cell  value,  such  as,  endored u p I  1  cat  I  on ,  aneuplotdy  and 
pulverization  are  presented  as  a  percentage  of  aberrant  cells  out 
of  the  50  scored.  Means  and  standard  deviations  of  the  means  were 
calculated  for  breaks/cell  and  gaps/cell. 

A  two-factor  fixed-effects  analysis  of  variance  (ANOVA)  was 
used  to  determine  the  effects  of  compound  (USA-01  and  HjPO^)  and 
pH  (pH  6,0,  6.5  and  7.2)  on  the  number  of  breaks/cell  and 

gaps/cell.  The  data  were  log-transformed  prior  to  analysis  to 
better  approximate  the  assumed  normality  of  the  statistical 
procedure.  A  p<0.05  was  considered  significant.  Although  the  ANOVA 
was  used  for  the  overall  analysis,  we  acknowledge  that  the  data 
are  not  normally  distributed.  Therefore,  the  j>0S±  Afic  comparisons 
used  were  Poisson  t  tests.  The  .pont  hO£  comparisons  evaluated  the 
significance  of  observed  differences  between  two  Poisson  variables 
using  the  method  of  E.S.  Pearson  and  H.O.  Hartley  (fil  fid  file.  J-kfl 

Vol.1,  Table  36,  London,  Cambridge 

University  Press,  1954).  A  p<0.05  was  considered  significant. 

3.  Leil  Art  i  c-i  e  and  Conical  I  n  f  or  in  all, on 
o  Lant  ArtJc.Lo 

£U  Pr^psrat Ion:  USA-01  RP/BR  was  generated  by  burning  RP/BR 
In  a  hydraul  Ic  driven  extrusion-combustion  generator  on  Feb. 
12  and  13,  1985.  The  ext n s ! on/ b ur n I ng  rate  was  adjusted  to 
produce  a  final  concentration  of  1  mg/ I  Inside  a  1  m 
stainless  steel  Inhalation  chamber.  The  aerosol  was  collected 
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by  condensation  In  liquid  oxygen  cooled  Dewar  traps  from 
9x1 0^  liters  of  aerosol.  The  sampling  rate  was 

approximately  10  llters/mln  for  a  residence  time  In  the  traps 
of  30  seconds.  The  traps  were  opened  and  the  Inner  walls  were 
rinsed  with  30  ml  of  methylene  chloride  (MC).  The  traps  were 
drained  Into  a  1  liter  glass  separatory  funnel  and  the  MC  and 
the  aqueous  fractions  were  separated  and  transferred  to  200  ml 
graduated  cylinders.  This  procedure  resulted  In  approximately 
a  150  ml  MC  fraction  and  105  ml  aqueous  fraction.  The  MC  was 
driven  off  to  dryness  with  a  stream  of  dry  nitrogen.  The 
resultant  yellow  residue  was  dissolved  In  2  ml  DMSO. 

The  aqueous  phase  was  transferred  to  a  150  ml  round 
bottom  flask.  The  aqueous  sample  was  concentrated  over  a 

2-day  period  to  approximately  7ml  with  vacuum  pressure 
del  Ivered  by  a  mechanical  vacuum  pump  equipped  with  a  liquid 
nitrogen  cold  trap.  A  0.0304  g  sample  of  the  viscous 
yellowish-brown  liquid  was  diluted  to  100  ml  with  distilled 
water  and  three  aliquots  were  analyzed  for  phosphate  content. 

For  genotoxlclty  testing,  the  remaining  aqueous  fraction 
(5.64  g)  was  combined  with  the  2  ml  of  DMSO  MC  extract  and  the 
mixture  diluted  to  14  ml  with  ASTM  type  1  water.  The  dilution 
was  made  to  provide  enough  sample  for  three  JLo  .v.Ltr.Q  assays. 
The  test  article  was  stored  at  room  temperature,  protected 
from  light  In  a  sterile  pyrex  glass  tube. 

b.  Phys  leal  Character  I  st  1  cs_:  The  test  article  was  a  clear 
amber  colored  non-vlscous  I  Iquld  comprised  of  about  95J> 

phosphoric  acid  by  weight  and  had  a  density  of  1.16  g/cc. 
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o  Test  Control  Substances 


CfiHiUCl  A,Q,en.tA  Compound  Source  Concentrat  I  on 


Med  1  urn 

McCoy’s  5A  Modified  MA 

Bioproducts  12-688B 

1  00% 

v/  V 

Post  1 1 ve 

(+S9)  Cyclophosphamide 

S  IGMA 

o 

t 

o 

vl 

o 

a> 

2.8 

ug/ml 

Pos  1 1 1 ve ( 

-$9)  E thy  1 methanesu 1 f onate 

S  IGMA 

M-0880 

200 

ug/m  1 

pH  6 

Phosphoric  acid 

Baker 

1  -0260 

4  ,4 

mg/m  1 

pH  6 .5 

Phosphoric  acid 

Baker 

1 -0260 

2.8 

mg/m  1 

pH  7  .2 

Phosphor  1 c  acid 

Baker 

1-0260 

1  .0 

mg/ml 

4 .  Methods 

The  assay  was  performed  following  MTRi  Chromosome  Aberration 
Assay  SOP  No.  MBGT-8.  The  methods  conform  to  the  recommendations 
of  EPA  Gene-Tox  Program  as  outlined  In  Latt  et  al.,  Mut.  Res. 
fil:  1  7-62,  1  981  . 

o  Dps  age  Preparat I  on :  Dilutions  of  all  components.  Including 
the  positive  controls,  test  agents,  pH  controls  and  cell 
control  were  prepared  In  unused  pyrex  glass  tubes.  The  test 
article  was  prepared  on  a  wt/volume  basis.  All  test  and 
control  substances  were  prepared  on  the  day  of  testing  and 
were  blended  by  vortex  mixing  for  1  min.  For  this  study, 
dilutions  of  all  compounds  were  prepared  In  McCoy  * s  5A  Medium 
Complete  with  3 1>  FCS  . 
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o  $_^2  A  9,000  x  g  microsomal  supernato  Isolated 

from  livers  of  adult  male  Fischer  344  rats  Induced  with 
Aroclor  1254  was  used  to  activate  promutegens.  The  $-9  was 
prepared  as  per  Ames  et  al .  Mutation  Research  11:347-364, 
1975  and  was  purchased  from  MA  Bioproducts,  Wa I ker sv I  I  I e , 
Maryland  (Batch  No.  R137). 


o  Tox  Ic I ty  Test!  ng t  Percent  vtabt  I  l+y  with  and  without  rat 
liver  S-9  was  performed  to  establ  Ish  the  dosage  range  for  the 
aberration  assay.  The  test  article  was  tested  at  the 
following  concentrations:  100  mg/ml,  10  mg/ml,  and  I  mg/ml. 
o  C_h r.orcQspme  Aberration  Assay  t  Exponent  I  al  I  y  grow  I  ng  CH0-K  1 
cells,  obtained  from  the  American  Type  Culture  Collection  In 
April  1982,  were  treated  on  April  4,  1985  with  the  test 


a  ♦»  ♦  I  ^  I  a  « +  K  r  a  a  I  (  A  A  m  /  m  I  d  m  a  /  wi  I  A  n  •*!  1  O 

w  i  i  j  C,  i  v  <lJ  i  i  1 1  i  v  o  \#  v  ii  v,q  m  •  >  u  m  v>>  o  V  n  »  *(  In  y  /  in  |  p  4.  i  v  in  y  /  «n  i  u  ii  u  tev 

mg/ml)  In  duplicate  cultures  with  corresponding  pH  values  of 
6.0,  6,5  and  7.2,  respectively.  In  addition,  phosphoric  acid 

pH  control  cultures  were  run  simultaneously  at  the  same  weight 
end  corresponding  pH  values  as  those  of  the  USA-01  treated 
cultures.  The  cells  were  In  contact  with  the  test  agent  for 
12  hours  (one  time  frame  continuous  exposure).  The  cells  were 
arrested  In  metaphase  with  0.05  ug/ml  colcemld  during  the  last 
2  hours  of  Incubation,  then  processed  for  aberration  analysis. 
Twenty-five  metaphases  from  duplicate  cultures  were  scored  for 
a  total  of  fifty  metaphases  per  dose. 
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o  keU.  £ii.€LAjar.ja.tlQii  JLqj:  AkfiXuaULon  Anj&J.y.sls.i  Tho  method  used 
Is  de tolled  In  IITRl  SOP  MBGT-8.  Briefly,  cells  arrested  In 
metaphase  with  colcemld  were  Jarred  loose  and  collected  In  the 
culture  mod  I  urn  In  the  morning  on  April  5,  1985.  The  cells 
were  pelleted  with  centrifugation  for  7  min  at  250  xg.  The 
cel  Is  were  swol  len  by  resuspension  In  0,075  M  potassium 
chloride  while  Incubated  for  30  min  at  3?*C  In  a  water  bath. 
The  cells  were  pelleted  and  fixed  by  resuspension  In  chilled 
Carnoy's  fixative  (3  parts  methanol : 1  part  glacial  acetic 
acid).  The  fixation  procedure  was  repeated  two  more  times  and 
the  cel  Is  resuspended  In  0.5-1  ,0  ml  of  Carnoy's.  Two  drops  of 
the  suspension  were  dropped  onto  clean,  chilled  microscope 
si  Ides  with  a  disposable  polypropylene  plpet.  The  si  Ides  were 


I  r- 


Hr  I  oH . 


■f  S  fl  n  c  4-  a  !  H  y  I  +  h  A  I  fsm  c  n  Irw  t  /  1  ^  M 

•  •  •  w-  •  «  v  •  «  •  '  i  v  v  n  i  «  •  «  v  •  vut  «<  m  i  i  i  1/  t  r  *  •  V  v  •  v  »  »  w  V  i  '  V 


bu  f  f  er  , 

o  $-CQ.r„j  ng  Aberrations.:  Aberrations  were  scored  with  1  0  OX  oil 
Immersion  bright  field  optics  from  25  metaphases  per  duplicate 
culture.  Aberrations  were  classified  as  chromatid,  chromosome 
or  "other"  types  of  aberrations.  Chromatid  aberrations  were 
subdivided  Into;  chromatid  breaks  and  gaps,  Isochromotld 
breaks  end  gaps  and  exchanges,  Chromosome  aberrations  were 
subdivided  Into  dicentrics,  rings  and  acentric  fragments, 
"Other"  clastogenlc  damage  categories  were  endoredup Meat  I  on, 
pulverized  chromosomes  and  sticky  chromosomes. 
Endoredup I  I  cat  I  on ,  pulverized  and  sticky  chromosomes  were 
scored  separately  and  presented  as  i  of  the  total  scored.  The 
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aberrations  wore  converted  to  a  breaks/cell  value  using  the 
f oil ow  I  ng  cr I  ter  I  a • 


Ahis.cr  at  L&oi 


Abbre.via.tJ.^ 


jCiiJLfliniillil 


ch romat I d  break 
I so-chromat  t  d  break 
chromatid  gap 
I so-chromat Id  gap 
exchange 

ilhr^iciiasjitiLfi  AD.e  ex  alla-D-S.;. 


0  I ce  nt r  I  c 
Ring 

Acentr I c  Fr  agment 

Akejxa.tlan.sj. 


En  dor edup I  loot l on 
Pulverized  chromosomes 
Sticky  chromosomes 


c  db 
i  cdb 
edg 
I  edg 
ex 


D 

R 

F 


e 

P 

s 


1 

2 

0 

0 

2 


•> 

a- 

2 

1 


0 

0 

0 


*  See  Appendix  1  for  pictorial  description  of  scoring  system 
used.  Breaks  and  gaps  were  scored  separately  and  presented 
as  a  mean  number/cell  ±  Standard  Deviation. 

O  laijen  CJJrtallon  Qt  Dflia:  The  evaluation  of  genotoxlc 

potential  was  based  on  the  following  criteria: 


1,  Negative;  No  significant  main  effect  or 
Interaction  (p>0»05)  based  on  ANOVA  comparison  of 
data  an  no  significant  Increase  In  aberrations  over- 
background  In  jjfijs.t  hfi.Q  comparisons  In  the  presence 
of  significant  ANOVA  results. 

2.  Weak  clastogen:  Significant  main  effect  or 
Interaction  (p<0.05)  based  on  ANOVA  comparisons  of 
data.  Significant  aberration  increase  over 
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background  (piO.05)  based  on  £Q.sl  hoc  Poisson  t 
tests,  but  not  twice  background.  These  agents  are 
highly  suspect  and  would  require  further  testing. 

3.  Strong  clastogen;  Significant  main  effect  or 
Interaction  (p<0.05)  based  on  ANOVA  comparisons  of 
data.  A  £2X  increase  In  chromosome  aberrations  In 
at  least  one  dose  or  there  Is  a  three  point  dose 
response  curve  over  background  with  at  least  one 
dose  with  a  piO.OOl  based  on  .post  Poisson  t 
tests.  These  agents  are  considered  strongly 
cl astogen I  c. 


5  .  EfijLseflnel  lny<ol.Y£il  la 


dull  ■  Harr  I  ngton 
Robert  R,  Guerrero 
J  ames  D.  F enter  s 

J oseph I ne  M.  Reed 


Study  D I  rector 

Progr  am  01  rector 

Head,  Microbiology  and 
Environmental  Toxicology 

Super v  I  sor ,  Qua  I  i  ty 
Assurance 


6 .  iiimmjQcy  anil 
o  Tab l o  1 
o  Table  2 
O  T$t>  I  G  3 
o  Tab  I g  4 


Analysl-s  Qi  Daiad 

-  Toxicity  Results  with  $-9 

-  Toxicity  Results  without  $-9 

-  Chromosome  Aberration  Results  with  $-9 

~  Chromosomo  Aberration  Results  without  S-9 
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TABLE  1 


TOXICITY  TEST 


USA-OI  Total  Cells  VIableA 

(mg/ml)  (10x1  mm^)  cells 

0  78  68 

132  117 

127  107 

100.0  57  55 

59  50 

53  50 

10,0  58  55 

55  49 


1.0  61  61 

51  49 

54  54 


-  Avg.  viable  cells  treated 

. - . x  100 

Avg,  viable  cells  control 

*  Avg.  %  treated 

. x  100 

Avg.  %  control 


WITH  S-9 


Viability 

Avg . 

% 

%  of 

% 

V  lab  1 

1  Ity 

Control  * 

87 

89 

84 

87 

1  00 

96 

85 

94 

92 

1  06 

95 

89 

92 

1  06 

1  00 

96 

1  00 

99 

1  14  • 
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TABLE  2 


TOXICITY  TEST  WITHOUT  S-9 


USA-01 

Total  cells 

V 1 ab 1 e  ^ 

V  labl  1 

tty  Avg.  % 

t  of 

( rjig/m  1  ) 

(10x1  mm^ ) 

cells 

f 

V  labl  1  Ity 

Control  * 

0 

133 

1  23 

92 

1  58 

1  40 

89 

1  22 

1  08 

89 

90 

1  00 

100.0 

. 

40 

4 

1  0 

32 

3 

9 

9.5 

1  1 

10.0 

36 

35 

97 

43 

39 

91 

59 

1  6 

27 

72 

80 

1  .0 

- 

» 

58 

52 

90 

1  02 

95 

93 

92 

1  02 

i-  Avg.  viable  cells  treated 

- - - x  i  oo 

Avg.  viable  cells  control 

*  Avg.  $  treated 

. . . x  100 

Avg.  $  control 
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AHOVA  af facts. 

Significant  diffaranca  (p_£0.05)  batwaan  USA-01 


.  Hi  SQ-US-sJ  on  And  Cone  luslons 

o  Resu  I  ts :  The  data  In  Tables  1  and  3  suggest  that 

the  RP/BR  extract  was  not  toxic  at  any  of  the  concentrations 
tested  with  S-9,  l.e.  114,  106  and  106$  of  control  at  the  1, 
10  and  100  mg/ml  concentrations,  respectively.  However,  It 
caused  a  dose  related  toxic  response  when  tested  without  S-9, 
l.e.  1  02,  80  and  11$  of  controls  at  the  same  concentrations. 
The  data  are  deceptive  In  that  although  the  cells  were  viable 
by  trypan  blue  exclusion  measurements,  the  mitotic  activity 
was  severely  Inhibited  by  the  10  and  100  mg/ml  exposures.  The 
cel  Is  exposed  to  the  100  mg/ml  dose  also  appeared  rounded  up 
yet  firmly  attached  to  the  plastic  surfaces  to  the  extent  that 
It  was  Impossible  to  remove  them  with  0.05$  trypsin  despite 
repeated  attempts.  These  results  suggest  that  the  low  pH 
resulting  from  addition  of  10  (pH  2.8)  and  100  (pH  1.6)  mg/ml 
test  article  In  culture  medium  has  a  profound  effect  on  the 
cell  membrane  characteristics  and/or  on  the  culture  vessel's 
growing  surfaces.  The  cells  exposed  to  1.0  mg/ml  (pH  7.2) 
concentration  appeared  normal. 

Attempts  to  raise  the  pH  of  the  test  agent  or  95$ 
HjP04  to  7.2  with  40$  sodium  hydroxide  or  with  heavily 
buffered  medium  was  unsuccessful  because  the  resultant  high 
osmolality  In  the  culture  medium  caused  the  cells  to  detach 
from  the  growing  surfaces.  Detachment  was  presumably  due  to 
changes  In  cell  membrane  and/or  growing  surface 
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character  I st  I  cs. 


As  a  result  of  the  severe  technical  problems  caused  by 
the  low  pH  exposures  and  because  of  a  subsequent  report  that 
low  pH  can  result  In  false  positive  cytogenetic  results  In 
mammal  Ian  cells,  the  decision  was  made  to  test  the  test 
article  at  pH  6.0,  6.5  and  7.2  with  the  pH  obtained  by 
dilution  with  complete  culture  medium.  The  resultant 
concentrations  were  4.4,  2.8  and  1.0  mg/ml,  respectively. 
Concurrent  phosphoric  acid  controls  were  run  at  the  same  pH 
and  mg/ml  concentration.  The  results  of  studies  from  two 
protocols  are  thus  being  presented  In  a  single  report. 


o 


Results: 


The  aberration  frequencies  are  listed  In  Tables  3  and  4. 
The  results  Indicate  that  predominately  chromatid  type 
aberrations  were  formed  following  the  exposure.  This  Implies 
that  most  of  the  clastogenlc  damage  occurred  during  "Late  S" 
and  "G2"  phases  of  the  cell  cycle.  In  addition,  use  of  $-9 
did  not  appear  to  alter  the  overal I  pattern  of  aberration 
f  requenc I es . 

While  the  means  for  the  S-9  treated  groups  show  a  genera! 
Increase  In  breaks  and  gaps  with  dose  for  both  the  USA-01  and 
H3P04  exposures  (Table  3),  the  ANOVA  comparisons  Indicate  that 
for  breaks  there  was  no  significant  main  effect  due  to 
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compound  (p=0.325),  dose  (p=0.094),  or  compound  by  dose 
(p=0.625).  Therefore,  £fl.s±  hcc  comparisons  were  not  performed. 

For  gaps,  there  were  significant  ANOVA  results  for 
compound  (p=0.002),  dose  (P=0.001)  and  the  compound  by  dose 
Interaction  (p=0.017).  Eq.s±  liflfi  comparisons  Indicate  that  all 
three  concentrations  of  test  article  USA-01,  pH  6.0  (4.4 
mg/ml),  pH  6.5  (2.8  mg/ml),  and  pH  7.2  (1.0  mg/ml),  and  the 
top  dose  for  H^PO^,  pH  6.0  (4.4  mg/ml),  were  significantly 
different  from  the  medium  control  (p<0.05).  However,  the 
comparisons  between  the  USA-01  groups  and  corresponding  pH 
groups  for  H^PO^  Indicate  that  only  the  pH  6.5  (2.8  mg/ml) 
result  was  significantly  different  (p<0.05)  and  the  difference 
was  due  to  the  higher  mean  for  the  USA-01  group. 

For  the  non-S-9  treated  groups  (Table  4),  the  means  for 
breaks  and  gaps  also  showed  a  general  dose  responsive  Increase 
for  both  the  USA-01  and  H^PO^  exposures.  The  ANOVA  Indicated 
that  for  breaks,  there  was  a  significant  effect  for  dose 
(p=0.001),  but  not  for  compound  (p=0.477)  or  the  compound  by 
dose  Interaction  (p=0.681).  For  gaps,  there  were  significant 
results  for  all  three  comparisons  (compound,  p=0.018;  dose, 
p=0.001,  and  compound  by  dose,  p=0.004). 

comparisons  Indicate  that  for  breaks,  only  the 
USA-01  pH  6.0  (4.4  mg/ml)  and  pH  6.5  (2.8  mg/ml)  doses  and  the 
pH  6,0  (4.4  mg/ml)  H^PO^  dose  were  were  significantly 
different  (p<0.05)  from  the  medium  control.  However,  there  was 
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no  significant  difference  between  the  USA-01  and  corresponding 
pH  levels  of  H^PO^  (p>0.05). 

For  gaps,  the  jjcsl  hO£  tests  Indicate  that  only  the 
USA-01  pH  6.0  and  the  H^PO^  pH  6.0  doses  were  significantly 
different  (p<0.05)  from  the  medium  control  and  from  each  other 
and  the  difference  was  due  to  the  higher  mean  for  the 

^3^4  group. 

The  conclusion  Is,  therefore,  that  while  dose  responsive 
Increases  In  breaks  were  observed,  the  Increases  were  not 
significant  when  compensation  was  made  for  the  pH  effect.  The 
Increase  In  breaks  caused  by  the  test  article  USA-01  Is  a  pH- 
Induced  phenomenon  caused  by  the  high  concentration  of 
phosphoric  acid  In  the  same  (95$)  and  not  by  other  clastogenlc 
components  In  the  sample.  Frrther,  while  gaps  also  Increased 
with  dose,  correction  for  pH  effects  also  negated  Increases 
In  gaps  due  to  USA-01  with  the  exception  of  the  pH  6.5  (2.8 
mg/ml)  dose  In  the  S-9  treated  group. 

Gaps  are  controversial  lesions.  They  are  by  definition 
not  breaks;  however,  they  are  useful  as  Indicators  of  trends 
or  patterns  In  clastogenlc  responses  since.  In  general. 
Increases  In  both  gaps  and  breaks  are  seen  following  exposure 
to  clastogenlc  agents.  Since  In  this  study,  with  the  one 
exception,  the  Increase  In  gaps  also  appeared  to  be  pH 
related,  the  conclusion  Is  that  the  positive  gap  results  In 
the  one  Instance  was  an  Isolated  event  and.  In  the  face  of  the 
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negative  break  results,  should  not  change  the  ultimate 
conclusion  that  test  article  USA-01  Is  non-c I astogen l c  to  CHO 
cells  at  the  concentrations  tested. 

The  possibility  remains,  however,  that  the  4.4  mg/ml  high 
dose  used  In  this  study  was  below  the  level  of  sensitivity  for 
the  system  to  detect  gross  clastogenlc  damage  and  that  testing 
at  higher  concentrations  would  give  a  positive  response. 
However,  testing  higher  concentrations  was  Impossible  due  to 
the  prohibitively  low  pH  conditions  that  resulted  In  the 
culture  medium  when  higher  concentrations  of  the  test  article 
were  used. 
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1 .  EUmLSIl 


The  purpose  of  this  study  was  to  assess  the  mutagenic 
properties  of  an  extract  of  red  phosphorus/butyl  rubber  condensate 
end  to  determine  the  Influence  of  pH  on  the  mutagenic  response. 

Red  phosphorus  butyl  rubber  (RP/BR)  aerosol  condensate  Is 
about  95$  phosphoric  acid.  Therefore,  addition  of  even  small 

amounts  of  the  agent  constitutes  a  severe  pH  challenge  to  the 
cel  Is. 

In  a  recent  workshop  on  the  effects  of  low  pH  and  high  salt 
concentrations  on  genotoxlclty  J_n  .yJJxfi  (EMS  workshop.  Las  Vegas, 
Nevada,  February  1985),  It  was  reported  that  low  pH  and  high 
osmolality  conditions  can  Induce  false  positive  results  In  1 n 

y_l  fro  systems.  Subsequently  the  RP/5R  test  article  was  tested  at 
pH  6.0  and  7.0  with  phosphoric  acid  pH  controls  for  the  two  doses. 
The  USA01  (RP/BR)  sample  and  the  H^PO.  controls  were  diluted 
with  Williams  E  medium,  pH  7.2,  to  achieve  pH  6.0. 

2.  ■S.IAJJJSUCAl  MEXH.PI>.S  Ui£D-- 

Fifty  Interphase  nuclei  were  evaluated  per  dose.  Mean  net 
grain  counts  and  standard  deviation  of  the  mean  were  calculated 
for  each  dose.  A  test  agent  was  considered  genotoxlc  If  It 
Induced  a  net  grain  count  of  5  or  more  per  nuclei  In  triplicate 

coversilps  when  tested  within  a  nontoxic  range  (>10$  survival). 

3.  Iiil  ARI1.CJL-E  SQflXliflL  lii££BMI±Qlk 
o  It si  aril  .cJ.fi-; 

a)  Physical  Character  I  sties ;  The  test  article  USA01  ,  RP/BR  was 
generated  by  burning  RP/BR  In  a  hydraulic  driven 

extrusion-combustion  generator  on  February  12  and  13,  1985. 

The  extrus I on/b ur n I ng  rate  was  adjusted  to  a  float 
concentration  of  approximately  1  mg/ I  Inside  a  1  nr 
stainless  steel  Inhalation  chamber.  The  aerosol  was  collected 
by  condense 1 1  on  In  liquid  oxygen  cooled  Dewar  traps  from  9  x 
1 0^  liters  of  aerosol.  The  sampling  rate  was  approximately 
10  llters/mln  for  a  residence  time  In  the  traps  of  30  seconds. 
The  traps  were  opened  and  the  Inner  wells  were  rinsed  with  30 
ml  of  methylene  chloride  (MC).  The  traps  were  drained  Into  a  1 
liter  glass  separatory  funnel  and  the  MC  and  the  aqueous 
fractions  were  separated  and  transferred  to  200  ml  graduated 
cylinders.  This  procedure  resulted  In  approximately  150  ml  MC 
fraction  and  105  ml  aqueous  fraction.  The  MC  was  driven  off  to 
dryness  with  a  stream  of  dry  nitrogen.  The  resultant  yellow 
residue  was  dissolved  In  2  ml  of  DMS0. 


I  IT  RESEARCH  INSTITUTE 


314 


The  aqueous  phase  was  Transferred  To  a  150  ml  round  boTTom 
flask.  The  aqueous  sample  was  concenTraTed  over  a  2-day  period 
To  7  ml  wlTh  vacuum  pressure  del  Ivered  by  a  mechanical  vacuum 
pump  equipped  wlTh  a  liquid  nITrogen  cold  Trap.  A  0.0304  g 
sample  of  The  viscous  yellowish-brown  liquid  was  dlluTed  To  100 
ml  wlTh  d 1 sT (lied  waTer  and  Three  allquoTs  were  analyzed  for 
phosphaTe  confenT.  The  resulfanT  phosphoric  acid  conce  nfraT  I  on 
was  deTermlned  To  be  90.6$  by  welghT. 

For  genoToxIcITy  fesflng,  The  remaining  aqueous  frecTlon 
(5.64g)  was  combined  wlTh  The  2  ml  of  DMS0  MC  exTracT  and  The 
mlxTure  was  dlluTed  To  14  ml  wlTh  ASTM  Type  1  waTer  on  February 
1  9,  1985.  The  dilution  was  made  To  provide  enough  sample  for 

Three  Jji  jyJ T_ro  assays.  The  TesT  arTIcle  was  sTored  af  room 
TemperaTure  proTecTed  from  IlghT  In  a  sferlle  pyrex  glass  Tube. 
The  densITy  of  The  TesT  arTIcle  was  1.16  g/ml. 

b)  Sol venf :  ConcenTr aT i on s  of  The  TesT  arTIcle  and  The  air 
sample  were  prepared  In  Williams  E  medium  conTatnlng  10  uCI/ml 
of  TrlTlafed  Thymidine. 

c)  Dosagej  For  The  TesT  arTIcle,  concenTr aT I ons  of  1.000 

mg/ml,  0.333  mg/ml  and  0.033  mg/ml  were  prepared  wlTh  a  final 
pH  of  6.0,  7.0  and  7.0  respecT I ve I y .  Two  dlluTlons  of 

phosphoric  acid,  wlTh  final  concenTr aT I ons  of  1.000  mg/ml  and 
0  .333  mg/ml  and  a  final  pH  of  6.0  and  7.0,  re  specT  I  ve  I  y ,  were 
also  prepared.  The  air  sample  was  dlluTed  To  give  an 
approx  l  mafe  I  y  10$  soluTlon. 


Junius! 


£&ip.p.pjind 


Posl five 

Negaf  I  ve 
Cel  I 


2 -ace  Ty  I  am  !  no- 
f I uorene 
Biphenyl 
W  ME  * 


ZQUZZSi  &ULC*. 

Trldom-Fluke  100  nMol/ml 

Aldrich  Chemical  Co.  100  nMol/ml 

Glbco  100$ 


*  Williams  medium  +  20  mM  gluTamlne  +  50  ug/ml  genfemycln 


4.  MJiil 

The  assay  was  performed  following  procedures  ouf lined  In 
IITRI  DNA  Repair  SOP  No.  MBGT-2.  The  mefhods  are  based  on  Those 
ouflined  by  Williams  In  Cancer  Res.  37:1645-1851,  1977  and 

Include  The  ImprovemenTs  made  by  Williams  In  Cancer  Leffers 
4:69-75,  1  97  8  and  by  Wl  I  Mams  ef  a!  In  In  VI  fro  1  3:809-817,  1  977  . 
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o  Frp»r  1  me  nta I  Design.:  The  test  article  was  tested  for  toxicity 
In  rat  hepatocytes  prior  to  the  DNA  repair  assay.  The  toxicity 
results  were  used  to  establish  the  dosage  range  for  the  DNA 
repair  assay.  In  the  repair  assay,  hepatocytes  on  covers!  Ips 
were  exposed  for  18-20  hr  to  5  concentrations  In  triplicate  of 
tbe  test  agent  In  the  presence  of  trltlated  thymidine 
(*H-TdR).  DNA  damage  caused  by  the  exposure  and  repaired  by 
unscheduled  DNA  synthesis  was  measured  with  autoradiography. 
Silver  grains  deposited  over  Interphase  nuclei.  Indicating  sites 
of  DNA  repair,  were  counted  In  50  nuclei.  The  counts  were  also 
corrected  for  nonspecific  binding  of  ^H-TdR.  A  net  grain 
count  of  5  or  more  was  considered  a  positive  response. 

o  Preparation  sd  Hepatocytes.:  A  F344  Fisher  mole  rat 

( Har I an-Sprague  Dawley)  was  anesthetized  with  50  mg/kg  nembutal. 
The  liver  was  surgically  exposed  then  perfused  Jji  iilu  with  0.5 
M  ethylene  glycol— bls-(B-amlnoethylether)  N-N'-tetracetlc  acid 
( EGTA )  followed  by  100  u/ml  collagenase,  type  I  (Sigma).  The 
liver  was  aseptlcally  removed  arid  placed  In  a  sterile  petrl 
dish.  In  a  laminar  flow  hood,  the  outer  capsule  was  removed 
from  the  liver  and  the  hepatocytes  were  gently  separated  from 
the  organ.  The  cells  were  then  collected  In  37°C  WMES  medium 
and  assayed  for  density  and  vlabil  1 1 y . 

o  Tow  l  C  1 1  y  Test-  Ing  ;  One  million  viable  hepatocytes  were  seeded 
Into  T-25  flasks.  Three  flasks  were  prepared  for  each  of  five 
dilutions  of  the  test  article.  The  highest  concentration  tested 
did  not  exceed  1 0$  weight  per  volume.  The  cells  were  allowed  to 
attach  for  2  hr  and  then  were  exposed  to  the  test  article  for 
18-20  hr  at  37°C  on  February  19,  1985.  Trypan  blue  was  added 
(0.15  ml  of  a  0.4$  solution)  to  each  flask.  After  5  min,  the 
cells  were  rinsed  then  fixed  with  1  ml  of  5 %  formalin.  The 
cells  were  evaluated  for  toxicity  using  dye  exclusion  and  cell 
number  as  endpoints.  The  determination  was  made  by  calculating 
the  ratio  of  viable  cells  In  10  randomly  selected  1  mm  areas 
of  each  flask  utilizing  a  1  mm*  grid  In  the  eyepiece  of  an 
Inverted  microscope. 

o  DNA  Pep a  1 r  Test  I ng:  On  Hay  29,  1985,  one  million  viable 

hepatocytes  were  seeded  onto  25  mm  Thermonox  coversl  Ips  (M.A. 
Bioproducts)  housed  In  34  mm  6-well  tissue  culture  cluster 
dishes  (Coster).  The  cells  were  allowed  to  attach  for  2  hr  then 
were  rinsed  with  WME  medium  and  treated  with  five  concentrations 
of  the  test  agent  I n  tr  I  pi Icate,  Including  a  toxic  dose  when 
possible.  The  medium  also  contained  10  mCi/ml  H-TdR  (60-80 


CI/mMole  specific  activity).  Positive,  negative,  solvent  and 
cell  controls  were  tested  In  parallel.  The  cultures  *ere 
Incubated  for  18-20  hrs  at  37°C  In  a  humidified  5$  C02 
I  ncubator . 
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o  Covers  I  Ip  Preparat  I  on.:  Fol  lowing  the  exposure,  the  coversl  Ips 
were  rinsed  with  three  changes  of  fc'ME  medium,  then  the  cells 
were  swollen  In  1$  sodium  citrate  for  15  min.  The  cells  were 
fixed  In  three  changes  of  Carnoy’s  fixative  (3  parts  ethanoltl 
part  glacial  acetic  acid).  The  coversllps  were  air  dried,  then 
attached  to  glass  slides,  cell  surface  up,  with  permount 
mount  I ng  medium, 

o  Autorad  I ogr  a  p  hy :  On  May  31,  1985,  the  slides  were  dipped  In 
Kodak  NTB  emulsion.  They  were  air  dried  overnight,  then  the 
slides  were  placed  In  light  tight  slide  boxes  for  10  days  at 
45°C.  The  si  Ides  were  developed  with  Kodak  D-19  developer,  air 
dried  and  stained  with  Harris’  alum  hematoxylin  and  eosln  on 

June  10,  1985.  All  procedures,  up  to  the  air  drying  of  the 

slides,  were  completed  in  total  darkness. 

o  Grain  Counts ;  Grain  counts  were  made  on  50  randomly  selected 
normal  nuclei  per  slide  (3  slldes/dose)  with  a  New  Brunswick 
Blotran  Colony  Counter.  The  counter  Interfaced  with  a  TV  system 
coupled  to  a  compound  light  microscope.  The  counts  were 
corrected  for  nonspecific  ^H-blndlng  by  subtracting  from  the 
nuclear  count,  the  highest  of  three  counts  taken  from 

cytoplasmic  areas  adjacent  to  the  nucleus.  Means  and  standard 
deviations  were  calculated  for  each  set  of  three  slides. 

D-D-SAGt  fr££AEAI_LQ£  Aii£  DRUG  M111JJI£a 


Upon  receipt  of  all  test  and  control  materials,  the  date  of 
receipt  and  approximate  quantities  were  recorded.  Liquid  test 
articles  were  measured  on  a  weight  to  volume  basis  and  dilutions 
of  all  compounds.  Including  the  positive  control  and  solvent 
controls,  were  prepared  In  glass  scintillation  vials.  All  test 
and  control  substances  were  freshly  prepared  the  day  of  use  and 
were  blended  by  vortex  mixing  for  1  min  prior  to  testing.  The 
control  compounds  were  stored  according  to  sponsor’s 
recommendations  regarding  temperature,  humidity  and  protection 
from  light.  The  highest  concentration  used  did  not  exceed  1 0J 
weight  per  volume  and  the  solvent  did  not  exceed  1J  volume  per 
vol  ume. 
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o  Tab  1 e  1 
o  Table  2 
o  Table  3 


*  Toxicity  Res 

-  DNA  Repair  - 

-  DNA  Repal r  - 


u  I  ts 

Test  Article  and  Control  Results 
Air  Sample  and  Control  Results 
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IITRI  Project  No.  L06139L001 
I ITR I  Study  No.  81-DNA-1 


TABLE  t 


Toxicity  Results  on 
Test  Article  No.  USA01 


Cone. 

Ce  1 1  Number 

fng/ml 

pH 

Ce 1 1  s/cm 

Ce 1 1 s/f 1 askfxl 04) 

Avg. a(x1 04) 

2674 

6.7 

100.0 

<  1 

261  5 

6.5 

6.4 

23  94 

6.0 

3258 

8.1 

50  .0 

1  .5 

1  93  4 

4.8 

6.8 

2929 

7.3 

2568 

6.4 

10.0 

3  .0 

2108 

5.3 

5.3 

1645 

4.1 

Toxic 

Toxl  c 

5  ,0 

5  ,5 

Toxic 

Toxic 

Toxic 

Toxic 

Toxic 

2358 

5.9 

1  .0 

7  .0 

7  14 

1  .8 

4  .7 

2557 

6.4 

Ce  1  1 

7  .0 

3594 

9.0 

Control 

3207 

8.0 

2  97  2 

7.4 

3028 

7.6 

7.9 

3196 

6.0 

2896 

7.2 

a  Each 

flask 

was  Initial 

ly  seeded  with  1x10^ 

cells 

b  $  viability:  Avg  number  of  cells  In  test  dilution 

. . . .  X  100 

Avg  number  of  cells  In  cell  control 


V labl I ltyb 

% 

81  .3 

86 .0 

67.0 

59.6 

1  00.0 
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I  ITRI  Project  No.  L06139I001 
I  ITRI  Study  No.  81-DNA-1 


TABLE  2 

DN A  Repair  Results  on  Test  Article  No.  USA01, 
Phosphoric  Acid,  and  Control  Agents 


Test 

US  A0 1 


Acid 


Control 

Cone. 

Net 

Grain  Counts0  Genotoxlclty 

.  .  Agent.  _ 

_  fluj/mi 

_  Mean. 

± _ ££ _ 

1  .000 

6  .0 

0.38 

1  .02 

1 .04 

2.85 

0.75 

0.84 

1  .93 

0.333 

7.0 

2.63 

4.61* 

2.48 

4.23 

2.06 

1.20 

2.60 

0.033 

7.0 

1 .40 

3.22* 

0.68 

2.90* 

0.84 

0.64 

1  .93 

c 

1  .000 

6.0 

0.88 

2.14 

0.60 

1  .70 

0.65 

0.46 

2.02 

0.333 

7.0 

1.18 

2.90 

0.52 

1.54 

0.93 

1  .08 

3.06 

Positive  Control 

0.100 

ND 

10.26 

10.43 

2-AAF 

14.68 

12.12 

12.86  + 

13.64 

15.71 

Negative  Control 

0.200* 

ND 

0.48 

1  .85 

B  1  pheny  1 

0.50 

1  .45 

0.71 

1.14 

3.06 

Cel  I  Control 

ND 

1,00 

2.04 

0.58 

1  .81 

0.67 

0.42 

1  .40 

aln  counts  from 

50  nuclei 

per 

covers  1 1 p 

a  Net 

+  Positive  genotoxlc  response 
-  Negative  genotoxlc  response 
SD  Standard  deviation 
*  Less  than  50  nuclei  counted 

€  Incorrect  concentration  used  due  to  dilution  error 
ND  Not  done 


I  IT  RESEARCH  INSTITUTE 


321 


I  ITR  I  Project  No.  1061391001 
I  ITR  I  Study  No.  8 1 -DNA- 1 


TABLE  3 

DNA  Repair  Results  on  Air  Sample8 
and  Control  Agents 


Test  Control  Cone. 

— Sample —  - Apppi _  tos/ol 

Air  Sample 

Positive  Control  0.200® 
2-AAF 

Negative  Control  0.100 

Cel  I  Control 


Net  Grain  Counts  Genotoxlclty 


± 

±Li 

1.14 

2.91 

* 

0.70 

2.34 

0.92 

23.26 

1  2.39 

12.04 

8.72 

15.67 

+ 

11.70 

9.04 

3.30 

6.43 

1.22 

3.37 

2.26 

m 

2.26 

4.35 

1 .64 

3.88 

1.70 

4.07 

1 .44 

m 

0.9$ 

2.94 

The  Air  Sample  was  tested  In  a  separate  essay  from  the  other  Test 
b  Samples. 

Net  grain  counts  from  50  nuclei  per  covers!  Ip 
+  Positive  genotoxlc  response 
-  Negative  genotoxlc  response 
SD  Standard  deviation 

8  Incorrect  concentration  used  due  to  dilution  error 
*  Two  si  I des  onl  y 
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aamusiMS.: 


o  The  data  In  Table  1  Indicate  that  the  RP/BR 

extract  was  toxic  at  the  5.0  mg/ml  dose  but  only  slightly 
toxic  at  the  1.0  mg/ml  and  all  doses  above  5.0  mg/ml  l.e.  i 
viability  was  59,6,  0.0  ,  67.0,  86.0,  end  81.3  for  the  1,0, 

5.0,  10.0,  50.0  and  100,0  mg/ml  concentrations,  respectively. 
However,  while  the  cells  exposed  to  concentrations  higher 
than  5.0  mg/ in  I  appeared  viable  by  trypan  blue  exclusion,  they 
were  quite  abnormal  metabol leal ty  and  In  appearance.  They 
were  rounded  up  yet  firmly  attached  to  the  coversllps  and  In 
a  preliminary  DNA  repair  trial  run,  unscheduled  DNA  synthesis 
was  totally  suppressed  Indicating  that  the  hepatocytes  were 
severely  effected  by  the  higher  doses.  These  secondary  toxic 
effects  most  likely  reflect  perturbances  In  cell  membrane 
permeability  and  In  biopathways  Involved  In  the  repair 
process,  l.e.,  suppression  of  exonuclease,  endonuclease  end 
llgese  activities,  caused  by  low  pH  conditions,  l.e.  pH  3.0, 
1,5  and  <1.0  for  the  10.0,  50.0  and  100,0  mg/ml  doses, 
respectively. 

For  the  reasons  stated  above  It  was  felt  that  5.0  mg/ml  dose 
reflected  the  top  of  the  true  toxicity  range  for  test  article 
USA-01  especially  since  the  pH  for  that  dose  fell  within  the 
pH  range  known  to  be  tolerated  by  cells  i_D  -vitro  (pH5.5)  end 
the  morphology  of  the  cells  In  culture  looked  normal. 
Therefore,  1  mg/mi  was  chosen  as  the  top  dose  for  the  DNA 
repair  assay. 

o  DNA  Repa J  r ;  The  DNA  repair  results  shown  on  Table  4 
Indicate  that  test  agent  USA-01  was  not  genotoxlc  at  any  dose 
tested  l.e.  0.84,  2.06  end  0.75  average  net  gral ns/nucl eus 
for  the  0.033,  0.333  and  1.000  mg/ml  concentrations.  The 

phosphoric  acid  pH  controls  were  also  negative  l.e.  0.93  and 
0.65  average  net  gr a  I ns/n uc I eus  for  pH  7  .0  (0.333  mg/ml  and 
pH  6,0  (1.000  mg/ml)  concentrations,  respectively. 

The  positive  and  negative  controls  fell  within  the  accepted 
range  and  there  was  no  evidence  of  microbial  contamination, 
therefore,  the  assay  was  considered  valid.  Based  on  the 

results  of  this  study  the  conclusion  Is  that  test  article 
USA-01  does  not  cause  an  Increase  In  DNA  repair  In  primary 
hepatocytes  and  therefore  Is  not  genotoxlc  within  the 
concentration  range  tested.  One  can’t  discount  the 

possibility  that  higher  concentrations  would  give  a  positive 
response.  However,  testing  higher  concentrations  was  not 
possible  since  they  were  toxic  to  the  cells.  Another 
conclusion  Is  that  low  pH  (pH  6.0)  does  no+  cause  an 

artlfactual  positive  response  In  the  primary  rat 

hepatocy te/DNA  repair  assay. 
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10.  STORAGE  OF  DATA  AND  REPORTS.: 


A!!  raw  date  generated  during  the  course  of  the  study 
will  be  retained  In  IITRI  Life  Sciences  Archives  os  specified 
by  government  regulations.  The  original  final  report  Is 
submitted  to  the  sponsor  end  one  copy  of  the  report  will  be 
retained  In  the  IITRI  archives, one  In  the  Division  L  files 
and  another  by  the  program  director. 


1 1 .  imuii  Azsu&Lm. 

o  Qualify  Assurance  Statement:  Laboratory  operations  were 

Inspected  on  February  19,  March  28  and  29  and  May  20  and  51, 
1985.  The  final  draft  report  was  audited  on  August  23,  1985. 
Inspections  and  audits  were  performed  by  Josephine  M.  Reed. 
Tne  laboratory  operations  were  found  to  conform  with  IITRI 
Life  Sciences  quality  assurance  criteria  and  with  GLP 
requirements  for  Noncllnlcal  Laboratory  studies  as  outlined 
I n  2 1 CFR,  part  5  8, 


Rood,  M.M. ,  M rs. 


j  o  setfii  I  n  o  M . 

Super  v I sor, 

Qua  I  I  ty  Assurance 
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